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Uber die Synthese einiger Methoxymethyl- 
alkyl-ketone und ihre Beziehung zum 
Aroma der Garungsprodukte. 


I 


Von 

Suttekiti Makuyama. 

(aus d. U. Suzuki- Biochem, Laborat. des lnstituts fur 
Physikalische und Chemische Forschung, Tokyo.) 

(Eingegangcn am 10. November 1932.) 

Mit der Absicht, das Aroma verschiedener Garungsprodukte zu studieren, 
hat der Verfasser vor einigen Jahren in Gemeinschaft mit T. Higasi zuerst das 
Acetoin od. Butan-2-ol3-on in optisch inaktiver Form rein dargestellt und den 
Geruch genau durchprobiert 0) . Das Acetoin ist bekanntlich in verschiedenen 
Garungsprodukten enthalten. Neulich ist es auch im japanischen yj Sake“ 
(Reiswein) nacligewiesen worden. Es hat eigentiimlichen, angenehtnen Geruch, 
der dem Aroma des Saices ahnelt. Es wurde von mehreren geiibten Sake - 
Kennern im hiesigen Institut sorgfaltig untcrsucht. Nach der Beurteilung 
dieser Fachleute scheint es jedoch nicht die wichtigste Rolle bei der Qualitat 
des Sdkis zu spielen, obgleich es Nebenbestandteil seines Aromas bildet. 

In Fortsetzung dieser Untersuchung hat der Verfasser neuerdings 4 ncue 
Homologe des Acetoin-methyliitherH von folgenden Formeln in reinem Zustande 
dargestellt: 

I. CH 3 OCH 2 -CO-C 2 II 6 

Methoxynidhyl-athyl-keton (od. 1 - Mcthoxy-bukm-2-on) 

II. CH 3 OCH 2 -CO-C 8 H 7 (n) 

Mdhoxyrnethyl-n-propyl-keton (od. l-Methoxy~pentan~2-on) 

III. CH 3 OCIF-CO-C 4 H 0 (n) 

Methoxymethyl-n-butyl-keton (od. 1 -]\fethoxy-n-hexan-2-on) 

IV. CH 8 OCH 2 -CO-CH 2 -CH,-CII (CH 3 ) 2 

3fethoxymetliyl-isoamyl-keton (od, l-Mdhoxy-5-meihyld\^xan-2-ort) 

Die Darstellung erfolgte wesentlich nach der Methode von D. Gauthier 00 , 
die er zur Synthese der analogen Athoxy-derivate verwendet hat, und zwar 
nach folgendem Schema : 

CuCN 

CH a OH + CH a O + HC1->CH 3 OCH 2 Cl->CH 3 OCH 2 CN 

RMgBr ' HjO 

-^CH 3 OCH 2 C (: NMgBr) R->CH 3 OCH 8 -CO-R 

Ferner hat der Verfasser zur Charakteri$ierung'*der oben enwahnten 
Ketolather die Semicarbcusone und 2, 4-Diriitropfienylhydrazone hergestellt. Die 
.Formeln, Farbe und Schmelzpunkte derselben werden im folgenden zusam- 
mengestellt; 
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Formel 

ai 3 OCH 2 -CO-R 

Semicarbazon 

CH$OCH 2 .C(»N 

-nhco-nh 2 >r 

2, 4’Hinitrophenylhydrazon 
CH,OCH 2 -q=N-NH 
-‘QH^NO^IR 

Schmelzp, 

Schmelzp. 

Farbe 

I. CH 3 OCH 2 COC 2 H6 

84~85° 

193—198.5° 

Orange 

it. ch 3 ocii 2 -co-c 3 H7 

97~98° 

128.5—129° 

// 

III. CH s OCII 2 -CO-C 4 H 9 (n) 

95° 

93° 

Seidengianzend 

Hellgelb 

IV. CH 3 OCH 2 -CO-C 6 Hn (iso) 

106~106° 

109.5° 

Gelb 


Es sei hier bemerkt, dass Semicarbazone, wie die entsprechenden ursprun- 
glichen Ketolather, mehr oder weniger leicht loslich in Wasser sind und dass 
besonders das erste (I) so leicht loslich ist, dass es sich aus der wassrigen 
Losung nicht abschcidet, sondern erst durch Sattigen mit Natrium-acetat 
abgeschicden wird, was bereits von M. Sommelet C3) in einem analogen Falle 
berichtet wurde. 

Die Geriiche der oben erwahnten Ketolather wurden in verschiedener 
Weise probiert, z. B. 1) als solche ohne Verdunnung, 2) als 5-^10^ ige 
Losung in 15 o/ 0 Alkohol, oder .3) in kleinsten Mengen zu gebrautem oder 
synthetischem Sake zugesetzt. Der letztere ist seit einigen Jahren im hiesigen 
Institut technisch dargestellt worden. In der Weise wurd festgestellt, dass 
diese Ketolather, wie es bei den meisten Riechstoffen der Fall ist, in reinem 
Zustande nicht angenehm riechen. Erst sehr verdiinnt, entfalten sie den ihnen 
eigentiimlichen Duft. Sie zeigen aber weder so kraftigen, lebendigen Geruch, 
wie z. B. Terpinylacetat, noch so siissen Duft, wie Bliitenextrakt. Sie ahneln 
vielmehr dem Frucht- als dem Bliitenaroma. Unter 4 Ketolathern riechen I 
und II in 0.1 94 iger Losung in 1554 Alkohol anfangs atherartig, spater mehr 
esterartig, etwas an Acetoin und Acetol erinnernd. Ill und IV riechen in 
der oben angegebenen Konzentration zu stark und etwas widrig. In noch 
verdunnterer Losung werden sie angenehm, trotzdem sie einen butterartigen 
Geruch mit etwas schimmelartigem Beitone entfalten. Der Ketolather (IV) 
riecht ahnlich wie Cyclohexyl-acetat. In wasserverdunntem Alkohol in 
geringen Mengen zugesetzt, gibt er einen angenehmen Geruch, doch scheint 
es nicht das charakteristische Aroma des Sokes zu sein. 

Der Verfasser beabsichtigt weiter noch hohere Glieder der Ketolather 
herzustellen, um deren Aroma zu studieren. 

Experimenteller Teil 

MomcJdor-metiiyl'dtlier : wurde nach der in „Organic Synthesis Bd. IX, 
S. 58 a ausfuhrlich angegebenen Vorschrift dargestellt. Als Trocknungsmittel 
wurd anstatt Chlorcalcium Phosphorpentoxyd verwendet. Um die ganze 
Operation mit der angegebenen Menge der Ausgangsmaterialien in der erwahn¬ 
ten Zeit auszufhhren, sollte man moglichst rasch in reichlicher menge trockenes 
Salzsaufegas in die Reaktionsmischung einleiten. 
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Jfdlwxy-acetonitril : la einem mit gut wirkendem Ruckflusskuhler versehe- 
nen l/2/-Rundkolben, der am obersten Ende des Kiihlers ein CaCI^-Rohr 
zum Abschluss der Feuchtigkeit besitzt, werden 102 g Kupfercyaniir, die bei 
120° zur Gewichtskonstante getrocknet und fein gepulvert worden sind, mit 
92 g Monochlor-methylather unter Umschutteln gut benetzt. Bisweilen fangt 
die Reaktion nach etwa 10 Minuten unter gelinder Selbsterwarmung an, 
Wcnn es aber nicht der Fall ist, muss man den Kolben vorsichtig in warmes 
Wasser von etwa 50° eintauchen, bis die Reaktion eben einsetzt. Man hute 
sich dabei, dass die Reaktion nicht zu weit geht. Sonst findet manchmal 
unkontrollierbares Selbstaufkochen statt, und die Ausbeute wird dementsprech- 
end schlechter. Am zweckmassigsten schiittelt man den Kolben und lasst 
etwa 20 Minuten bei Zimmertemperatur stehen, bis die erste Reaktion vollig 
zum Stillstand kommt. Dann erwarmt man sorgfaltig im Wasserbade von 50 
~~56°. Die Reaktion beginnt wieder von Rand des Kolbens. Es wird durch 
abwechselnde Erwarmung und Kiihlung reguliert, bis sich keine Blasen mehr 
entwickeln und der Inhalt des Kolbens zu steinharten Kuchen erstarrt, bei 
dem es sich vermutlich um ein Additionsprodukt des Kupfercyanurs handelt. 

Nun erhitzt man nach Belieben den Kolben in kochendem Wasserbade. 
Die harte Masse wird dadurch allmahlich unter Abscheidung des Kupferchlo- 
rurs dnnnflussig und verwandelt sich schliesslich in eine dunkelbraune Flussigkeit. 
Der ganze Prozess nimmt bis dahin etwa 45 Minuten in Anspruch. Um die 
Reaktion zu vervollstandigen, kocht man weiter 20 Minuten im Olbade, bringt 
die Flussigkeit, wahrned sie noch heisst ist, in einen einfachen Destillierkolben 
von etwa 20ccm Inhalt, und destilliert unter Erhitzen in einem Olbade (Bad- 
temperatur: anfangs 150°, zuletzt 210°) zuerst bei gewohnlichem, spater bei 
vermindertem Drucke (ca. 50 mm) so lange, bis kein Destillat mehr ubergeht. 
Das vereinigte Destillat betragt 71 g. Es wird noch zweimal fraktionierter 
Destination unterworfen. Die sehr geringe erste Fraktion enthalt das isomere 
Jsonitril und riecht widrig. Die Hauptfraktion, die bei 110-^122° (hauptsa- 
chlich bei 119°) ubergeht, bildet reines Methoxy-acetonitril, Es ist wasserklare 
Flussigkeit und riecht ahnlich wie Ethylacetat, aber angenehmer. In zugesch- 
molzenem Rohr aufbewahrt, bleibt es nach 5 Monaten noch unverandert. 
Ausbeute sehr gut. 

METHOXYlkfBTHYL-ALKYr^KETONE CHjjOCH^CO-R. 

Vier Methoxymethyl-alkyl-ketone von der allgemeinen Formel CH a OCH 2 - 
|COR wurden durch Umesetzung des Methoxy-acetonitrils mit den entsprechen- 
den Origmrdschen Reagenzien in wesentlich derselben Weise dargestellt. Im 
folgenden wird nur ein Beispiel von Metiwxymetiiyl-ffliylrketon angegeben. 

MdluyxymtUiyl-'dtiiyl-keion oder l-3fd!iaxy-butan-2-on (J). 

Wie bereits erwahnt, verlauft die Beaktion zwischen Methoxyacetonitril 
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und Alkyl-magnesium-bromid nach folgendem Schema: 

CH 3 OCH 2 CN + C 2 H 6 MgBr-> 

h 2 o 

CH 8 OCH 3 -C (=NMgBr)-C f H 4 -»CH 8 OCH 2 -CO-C*H 5 

Man bereitet zunachst in iiblicher Weise in Wasserstoffatmosphere eine 
Losung von Athyl-Mg-bromid aus 17 g (0.7 Mol) Mg-Spancn, 76 g (0.7 Mol) 
Athylbromid und etwa 230 ccm absolutem Ather und gibt dazu eine Losung 
von 35 g (0.5 Mol) Methoxy-acetonitril im gleichen Volumen absoluten Athers 
tropfenvveise unter Kiihlung mit Kiswasser zu. Die Reaktion tritt sehr lebhaft 
ein, und es scheidet sich ein weisser Nieder.schlag aus, der anfangs rasch 
verschwindet, spater aber ungelost bleibt. Nach dem Zusatz der ganzen 
Menge Methoxy-acetonitril lasst man das Reaktionsgemisch uber Nacht stehen. 
Dann wird es 30—*40 Minuten auf dem Wasserbade in gelindem Sieden 
erhalten, mit Kaltemischung gckiihlt und mit Eiswasser versetzt. Es schei¬ 
det sich dadurch Magnesiumoxyd ab. Man gibt nun soviel kalte 20^ige 
Schwefelsaure zu, bis der abgeschiedene Niederschlag wieder klar gelost 1st 
und die Losung schwach sauer reagiert. Nach kurzem Stehen wird die 
atherische Schicht von den wassrigen getrennt und der Ather auf dem Was¬ 
serbade abgedampft. Die dadurch zuriickgebliebene Fliissigkeit wird mit der 
wassrigen Losung vereinigt, und nach dem Zusatz von kleinen Mengen 
Natriumcarbonat destilliert man den Ketolather mit Wasserdampf ab, der sich 
teiiweise als Ol abscheidet. Die Destination wird so lange fortgesetzt, bis das 
Destillat beim Sattigen mit wasserfreiem Kalimncarbonat kein OJ mehr abscheidet. 
Das vereingte Destillat wird nun mit Kaliumcarbonat gesattigt und der dadurch 
ausgeschiedene rolie Ketolather mit 40^iger wassriger Losung von 52 g (0.5 
Mol) reinem Natriumbisulfit gut gesechuttelt, dreimal mit Ather extrahiert, 
um Verunreinigungen zu entfernen, wieder mit einer gesattigten Kaliumcarbonat- 
losung bis zu deutlicher alkalischer Reaktion versetzt und in der oben erwahnten 
Weise mit Wasserdampf destilliert. Aus dem wassrigen Destillat scheidet 
sich nach dem Sattigen mit Kaliumcarbonat das Methoxyniethyl-athyl-keton 
als Ol ab, das mit Cblorcalcium entwassert, sorgfaltig filtriert und schliesslich 
durch 2-^3 malige fraktionierte Destination gereinigt wird. Die Ausbeute an 
reinem Produkt betragt 20 g. Siedepunkt etwa 130°, 

Bei der Darstellung der oben erwahnten Ketolather seien noch folgende 
Bemerkungen gemacht. 

1) Die Umsetzung des Methoxy-acetonitrils mit Grignardschen Reagen- 
zien verlauflt mit zunehmenden Kohlenstoffzahlen der letzteren immer langsa- 
mer. So muss man z. B. bei Athyl-rmgnedum-bromid mit Eiswasser abkiihlen, 
um die Reaktion zu ermassigen; bei n-Bidyl-magne*ium-br<mid braucht man 
zu diesem Zwecke Wasser von etwa 15°, wahrend bei Iso- Amyl-magnesium- 
chlorid etwas hohere Temperatur notig ist. 

2) Bei der Zersetzung der Additionsprodukete des Methoxy-acetonitrils 
mit GH^nordschen Reagenzien durch Zusatz von Eiswasser muss man mit 
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eincm Glasstabe tfichtig umruhren, um das Beruhren des Wassers mit den 
Additionsprodukten zu beschleunigen, da sonst die Umsetzung durch abgeschie- 
dene Magnesiumoxyde stark gestort wird. 

3) Um die Reaktionsprodukte von dem entstandenen Kupferchlorur 
moglichst rasch bei niederer Temperatur abzudestillieren, ist es am zweckmas- 
sigsten, cinen kleinen Destillierkolben, der am untersten Teile des Halses mit 
einem Ableitungsrohr versehen ist, zu verwenden. 

Semicarbazon des Mdhoxymetliyl-atliyl-ketom : 1.5 g krystallisiertes Natrium- 
acetat werden in 1.2 ccm Wasser heiss gelost, gekiihlt und mit 1.2 g Semicarbazid- 
hydrochlorid unter Umruhren versetzt, bis das letztere gelost ist. Gibt man 
nun 1 g Ketolather dazu, so tritt gelinde Selbsterwarmung ein. Nach etwa 
3-stiindigem Stehen bei Zimmertemperatur fiigt man noch 2.5 g Natrium-acetat 
zu und lasst 24 Stunden stehen, bis das allmahlich sich abscheidende Semicar¬ 
bazon nicht mehr zunimmt. Hierauf saugt man ab, und es wird sofort ohne 
Auswaschen liber Cblorcalcium getrocknet und zuerst aus Benzin (Siedep. 105 
^110°), dann dreimal aus dem Gemisch von Benzol und Benzin (Siedep. 70 
^90°) umkrystallisiert. In der Weise erhalt man das Semicarbazon als reine 
sebneeweisse Blattchen, Sclmielzp. 84^85°. 

Analyse: 3.274nig Subst. gaben 5.425 mg C0 2 und 2.437nig H«0 

4.065 mg Subst. gaben 0.921 ccm N 2 (19°, 754 mm) 

C 6 H 1S 0 2 N 3 (159.1) Ber. C 45.25 " II 8.23 N 26.39^ 

Clef. // 45.19 " 8.33 " 26.27^ 

Es lost sich leicht in Alkohol, ziemlich leicht in Wasser, aber schwer 
in einer mit Natriumacetat gesattigten Losung. 

2, 4-Dinitrophenylhydrazon des Methoxymethyl-athyl-kdom wurde nach der 
allgemeinen, fur wasserlosliche Carbonyl-verbindungen geeigneten Methode 
dargestellt: i. e. 1 g 2, 4-Dinitrophenylhydrazin wird mit 6 ccm 2 N Salzsaure, 
dann mit 5 ccm konz. Salzsaure gut verriihrt und schliesslich mit 300 ccm 2 N 
Salzsaure versetzt. Das Gemisch wird lange Zeit geruhrt, bis das anfangs 
"gebildete schwerlosliche 2, 4-Dinitrophenylhydrazin-hydrochlorid nahezu voll- 
standig gelost ist. Man filtriert nun von Spuren unloslichen Ruckstandes ab 
und gibt 0.5 g des Ketolathers unter Umruhren zu. Nach kurzer Zeit scheidet 
sich das Hydrazon als hellgelbe Krystalle ab, die nach einer halben Stunde 
abgesaugt, sukzessiv mit verdunntcr Salzsaure, Wasser und Alkohol gewaschen 
und im Vakuum-Exsikkator iiber Chlorcalcium getrocknet werden. Ausbeute 
1.3 g, Schmelzp. 193-^194°. Nach zweimaligem Umkrystallisieren aus Athyl- 
acetat erhalt man reines 2, 4-Dinitrophenylhydrazon als orangegelbe Saulen, 
welche In heissem Alkohol schwer, in heissem Athylacetat etwas leichter 
loslich slnd* Ausbeute 1.1 g, Schmelzp. 198^198.5°. 

• 

Analyse: 4.465mg Subst. gaben 7.622mg COj und 1.988 m 8 HjO 

3.970 mg Subst. gaben 0.671 ccm N s (18.5°, 755 mm) 

CjiH h O s N 4 (282.1) Ber. C 46.79 H 5.00 N 19.85?tf 
Gef. " 46.55 » 4.98 » 19.6796 
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Meihoxymethyl-n-propyl-keton oder l-MdJwxy-pcntan-2- on (II). 

Es wurde aus 50 g n-Propylbromid, 9.7 g Magnesiumspanen, 20 g Methoxy- 
acetonitril und Ather dargestellt. Es bildet farblose bewegliche Flfissigkeit. 
Ausbeute 13 g, Siedep. ca. 117°/i75mm. 

Analyse: 3.575 mg Subst. gaben 8.188 mg C0 2 und 3.358mg HjO 

Ber. C 62.03 H 10.34# 

Gef. " 62.46 " 10.51# 

Semicarbazon des Mdhoxymdhyl-n-propyl-Icdom: 4 g krystallisiertes Nat- 
riumacctat und 1.2 g Semicarbazid-hydrochlorid werded in 20 ccm Wasser 
geldst, mit 1.0 g des Ketolathers und etwas Alkohol versetzt. Nach liingerem 
Stehen wird der abgeschiedene Niederschlag abgenutscht. Der in Benzol 
leicht losliche Teil wird aus einer Mischung von Bezol. und weing Petrolather 
wiederholt umkrystallisiert So erhalt man das reine Semicarbazon, das in 
Benzol und alkohol leicht, in Wasser ziemlich leicht loslich ist. Schmelzp. 
97^98°. Es wurde fiber Chlorcalcium und Paraffin getrocknet und analysiert. 

Analyse: 4.412 nig Subst. galien 7.857 mg C0 2 und 3.504mg H.O 

4.488 mg Subst. galjen 0.942 ccm N 2 (19°, 752.6 mm) 

C 7 H l5 0 2 N 3 Ber. C 48.52 H 8.73 N 24.25J* 
fief. " 48.57 " 8.89 " 24.30^ 

2, 4- Dinitrophenylhydrazon des Methoxy-n-propyl-kdons : 0.5 g 2,4-Dinitro- 

phenylhydrazin, 0.44 g (1.5 Mol) Ketolather und 15 ccm wasserfreier Alkohol 
werden in cinem evakuierten geschlossenen Rohr zwei Stunden in kochendem 
Wasserbade erhitzt, die noch heisse klare Losung wird mit soviel Wasser 
versetzt, bis die Triibung beginnt, und stehen gelassen. Das Hydrazon scheidet 
sich dabei als hubsche lange Saulen ab, die abfiltriert, mit etwas Methylalkohol 
nachgewaschen, getrocknet und aus wasserfreiem Alkohol umkrystallisiert 
werden. 0.4 g lost sich in 10 ccm Alkohol; Schmelzp. 128.5^129°. Aus¬ 
beute sehr gut. Zur Analyse wurde es bei gewohnlicher Temperatur iiber 
Chlorcalcium getrocknet. 

Analyse: 3.890 mg Subst. gaben 6.975 mg C0 2 "und 1.988nog HjO 

4.671 mg Subst. gaben 0.448 ccm N 2 (19°, 758.8 mm) 

Ber. C 48.63 H 5.45 N 18.91# 

Gef. // 48.90 " 5.72 " 18.61# 

MelhoxymdJiyl-n-buiyl-keton oder l-Mdhoxy-hexan-2-on (IT/). 

Eine Losung aus 95.9 g (0.7 Mol) w-Butylbromid, 17 g (0.7 Mol) Magne¬ 
sium und 250 ccm Ather wird mit 39 g (0.55 Mol) Methoxyacetonitril in gleichem 
Volumen Ather versetzt. Die Reaktion ist zweckmassig durch Wasser von 
etwa 15° zu regulieren. Die Ausbeute an analysenreinem Produkte betragt 
23 g. Wasserklare, bewegliche Flussigkeit. Siedep. 131^132? bei 173 mm. 
Nach 3-monatigem Aufbewahren in evakuiertem Rohr bleibt es fast ungefarbt. 

Analyse: 4.434mg Subst, gaben 10.539 mg C0 2 und 4.278mg HjO 
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4.033 mg Subst, gaben 9.623 mg C0 2 und 3.933 mg H 2 0 
C 7 H 14 0 2 Ber. C 64.61 II 10.77# 

Gef. // 64.32; 65.11 " 10.80; 10.91# 

Semioarbazon des Mdlvoxymdliyl-n-bviyl-kctons : Darstellung wie bei I aus 
4 g krystallisiertem Natriumacetat, etwa 2 ccm Wasser uad Semicarbazid- 
hydrochlorid und dazu 1.15 g Ketolather und wenig Alkohol. Der Reihe 
nach. aus Benzol-Petrolather, Benzin vom Siedep. 80^100° und vom Siedep. 
60-^70° umkrystallisiert. Schnceweisse lange Saulen vom Schmelzp. 95°. 
Es lost sich ziemlich leicht in Wasser, leicht in Ather nnd Benzol, aber 
schwer in Petrolather vom Siedep. unter G0°, selbst bei Erwarmen, Um 0.6 g 
zu losen braucht man etwa 50 c.c. Benzin. Beim Erkalten dieser Losung 
scheidet es sich zuerst als Ol ab, das doch bald zu Krystallmasse erstarrt. 
Nach dem Trocknen iiber Chlorcalcium-Paraffin wurd es analysiert. 

Analyse : 3.013 mg Subst. gaben 5.670 mg CO.> und 2.574 mg IIoO 

3.752 mg Subst. gabcn 7.073 mg C0 2 und 3.063 mg H«0 

4.174 mg Snbst. galnjn 0.797 ccm N 2 (17.5°, 758.8 mm) 

CgHj OoN 3 Per. C 51.30 H 9.16 N 22.44# 

Gef. ft 51.32; 51.41 "9.56; 9.13 " 22.39# 

2, 4- Dimtr'ophenylhydrazon den Methoxymdhyb n-butyl-ketons : Darstellung wie 
bei II. Es krystallisiert aus Methylalkohol in hellgelben, seidenglanzenden, 
biegsamen und etwa 4 mm langen Nadeln. Ziemlich leicht loslich in heissem 
Methyl- und Athylalkohol; Schmelzp. 93^. 

Analyse: 3.462 mg Subsl. gaben 6.440 mg C () 2 und 1.923 mg IIoO 

3.398 mg Subst. gaben 6.238 mg C0 2 und 1.850 mg H 2 G 

4.096 mg Subst. gaben 0.627 ccm N 2 (17.7°, 762 mm) 

C 13 II l8 06N 4 Her. c 50.29 " II 5.85 N 18.10# 

Gef. tr 50.73; 50.07 " 6.21 i 6.09 " 18.10# 

MeUmxymethyl-isoamyl-kdon oder 1 -Mdhoxy-3-methyl-hexan-2-on (IV). 

Aus 42.4 g Isoamylchlorid, 9.7 g Magnesium, 22 g Methoxyacetonitril 
und 120 ccm Ather erhalt man 22 g. Siedep. 117° bei 87 mm; ca. 125° bei 
.110 mm. Farblose, bewegliche Flussigkeit. 

Analyse: 4.056 mg Subst. gabcn 9.941 mg CO, und 4.098 mg H 2 0 

4.083 mg Subst. gaben 10.106 mg C0 2 und 4.184 mg H 2 0 
C 8 H lB 0 2 Per. C 66.66 H 11.11# 

Gef. " 66.84; 67.50 " 11.30; 11.46# 

Semicarbazon des MeUioxymdhyl-isoamyUketons : Ausbeute an Rohprodukten 
betragt 1.27 g aus 1.4 g des Ketolathers, 1.2 g Semicarbazid-hydrochlorid und 
1.6 g Natriumacetat. Nach einmaliger Umkrystallisation durch Auflosen in 7 
ccm heissem absolutem Alkohol und nachtraglichen Zusatz von 35 ccm heissem 
Benzin wird es sofort rein. Schmelzp. 105^106°. Schneeweisse nadelformige 
Krystalle. In Wasser nicht so leicht loslich wie die niederen Homologe, 

Zur Analyse wurde es uber Chlorcalcium-Paraffin zur Gewichtskonstanz 
getrocknet. 
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Analyse: 4.323mg Subst. gaben 8.484mg C0 2 und 3.801 mg ILjO 

4.229 mg Subst. gaben 0.748 ccm N 2 (17°, 758.8 mm) 

C 0 H l9 O 2 N 3 Ber. C 53.74 H 9.52 N 20.88# 

Gef. ff 53.52 " 6.84 " 20.76# 

2, 4.-DiniiropJienylhydrazon den MdJioxymetliyl-n-isoamyl-ketons : Darstellung 
aus 0.55 g des Ketolathers, 0.69 g 2, 4-DinitrophenyIhydrazin und Alkohol; 
Ausbeute 1 g. Aus absolutem Alkohol umkrystallisiert, bildet es biegsame 
gelbe Nadeln vom Schmelzpunkt 109.5°. 0.5 g ist in etwa 10 g heissem 

Alkohol loslich. 

Es wurde bei gewohnlicher Temperatur uber Chlorcalcium gctrocknet 
und analysiert. 

Analyse: 4.462 mg Subst. gaben 8.538 mg C0 2 und 2.609 mg HjO 

3.214 mg Subst, gaben 6.135 mg CO, und 1.899 mg 11,0 

4.181 mg Subst. gaben 0.620 ccm N, (18.5°. 760.8 mm) 

Cj.HooOsN. Ber. C 41.83 II 6.22 N 17.28% 

Gef. n 52.19! 52.06 " 6.54; 6.61 " 17.39% 

Bei dieser Arbeit habe ich von Herrn Prof. Dr. U. Suzuki Anregung und 
Rat erhalten, wofur ich ihm auch hier meinen besten Dank ausspreche. 
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Sterilising Action of Acids- 

Second Report.—Sterilising action of saturated 
monobasic fatty acids. (1) 

Sogo Tetsumoto. 

(Received November 11, 1932.) 

I studied on the sterilising action of mineral acids on microorganisms 
having the certain vital force and resisting power. 

I reported on the Bui. of the Agr. Chem. S. of Japan a) about the sterilising 
action of the same molecular concentration and pH, the effect of anions, 
undissociated molecules and that I made the comparative studies about the 
effect of Sterilising power of each mineral acids. Following to above study, I 
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studied the sterilising action of saturated monobasic fatty acid (C n H 2ll+l *C0 2 H) 
on microorganisms to ascertain the effects of the number of C atom, pH, the 
same moleculer concentration, the chemical construction, anions, and undis- 
sociated molecules on the sterilising action. 

Experiment* 

( 1 ) Experimental methods. 

I took the same methods those I reported before on the Bui. of Agr. 
Chem. S. of Jap<° already. So that now I record the name of used microorga¬ 
nisms and the resisting power for phenol aqueous solution for convenience. 


Name of micoorganism 

Staphyloccccus 
pyogenes aureus 

Bac. typhosus 

Proteus vulgaris, 
Hauser 

Vib. Cholerae 

Phenol aq. solution, 
times by weight 

75 

90 

100 

175 

surviving 5 

+ 

l ■ 

+ 

+ 

+ 

period. 10 

+ 

=b 

± 


(minut) 15 

- 

- 


- 


•+• . alive — . perished ± . sometimes perished or sometimes alive. 


( 2 ) Reagents. 

I used saturated monobasic fatty acids C n II 2tl+l *C0 2 H : such as 13 acids. 
Formic, Acetic, Propionic, Butyric, Isobutyric, Valeric, Isovaleric, Caproic, 
Isocaproic, Cenanthylic, Pelargonic, Capric. 

.Except Formic acid I used reagents manufactured by Kahlbaum Co. or 
Merck Co. and made lower dilute concentration than N/l 0. 

( 3 ) Concentration and pH of reagents. 

Reagents are all weak organic dilute acid solutions and have no action 
such as buffer. So that pH of each acid must be found by next formulae. 

P H = £ p KHA — £ log C 

KHA.electric dissociation constant of acids. 


p.changed sign of logarithum of KlIA. 

C.concentration of reagents •••••• normality. 


As electric dissociation constants of Caprylic acid, Pelargonic acid and Capric 
acid are unknown, I determined pH of these acid by colorimetric method. 

( 4 ) Reagents, formulae, concentration and pH (calculated) are shown 
in Table 1. 

( 6 ) Performance of experiment. 

Take 2 mg from each colonies of 24 hours standard agar slant* culture 
of Staph, c. pyogen. aureus, Prot. vulgaris, Hauser, Bac. typhosus and Vib. 
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cholerae, and put each 2 mg into lOc.c. of sterilised physiological NaCl solu¬ 
tion and make 4 microorganic suspensions. 

Make these 4 species of suspensions at 20°C in incubator (± 0.5°C), also 
keep each series of lOc.c. taken from reagents at 20°C. 

Put 0.1 c.c. of suspension into 10 c.c. of reagent and mixed them homo¬ 
geneously. 

At the certain time I inoculate microorganism from reagents into standard 
bouillon with the certain platinum loop and cultivate them for 48-^72 hours 
in incubator. 

Alive or death of microorganisms are determined by the turbidity of 
stadard bouillon culture. 

Results are as following tables. 


Table 2, Sterilising action in N /10 


Acids 


pH 


Staph, r. pyogen, aur 


Mi nut 


Hour 


Surviving period 


Prot. vulgar. II. 


Minut 


Bac. typhos. 


Minut 


Vib. 

choler. 

Minut 




20 

30J45 

60|90 

2 

5 

10 

15 

H 

30J45 

1 10 

15 

20 

30 

4s[60 

21 

2.5 

5 

Formic 

2.3 

4 

dr 

- 


- 

— 

4 

— 

— 

— 

ij 

- 

+ 

- 

- 

— 

- 

- | 

. 


- 

Acetic 

2.9 

4 

4 

+ 

4 

- 

- 

+: 

+ 

+ 

+ 

- 

- 

4 

4* 

4 

4- 

- 

- 

± 


- 

Propionic 

ff 

4- 

+ 

4 

+ 1 

- 

- 

4 

4* 

+ 

+ 

- 

- 

+ 

+ 

+ 

+ 



db 

- 

- 

Butyric 

rr 

+ ! 

+ 

4 

+ 

- 

- 

4- 

+ 

4* 

+ 

- 

i~ 

+ 

4 

+ 

+ 

- 

- 

dr 

- 

- 

Isobutyric 

// 

+ 

+ 

+ 

4 

4 

- 

4 

+ | 

+ 

+ 

+ 

r 

+| 

+ 

+ 

+ 

+ 

- 

+ 

- 

- 

Valeric 

tr 

+ 

+ 

-4 

4 

- 

- 

4- 

4- 

+ 

4* 

- 


+■ 

+ 

4* 

± 


- 

- 

- 

- 

Isovaleric 

// 

+ 

4 

4 

+ 

+ 

- 

+ 

+ 

4* 

+ 

+ 


-4 

4- 

+ 

4 

rfc 

- 

dr 

- 

- 

Control 


4- 

4 

4 

+ | 

4- 

4- 

4 

+ | 

-4 

4- 

+ i 

+| 

4 ] 


+ | 

4 

+i 

+ J 

4- 

_ + 1 

+ 


4- . alive — . perished d: . sometimes alive and sometimes perished 


Table 3. Sterilising action in N /100 of Fatty acids. 
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Table 4. Sterilising action in A'/1000 of Monobasic Fatty acids. 
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2.5 

+ 

4- 

+ 

+ 

+ 

4- 

4- 

4- 

+ 

+ 

+ 

+ 

+ 

+ 


.Sj 

5 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

dr 

dr 

— 

+ 

1/1 

g 

* 

10 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


— 


4- 

£ 


6 

4- 

4- 

+ 

+ 

+ 

4- 

+ 

4- 

+ 

+ 

— 

— 

— 

4- 


9 

± 

4- 

+ 

+ 

+ 

4- 

4- 

dr 

+ 


— 

— 

— 

4- 

a 

a 

o 

12 

— 

+ 

+ 

+ 

+ 

4- 

+ 

— 

+ 

_ 

— 

— 

— 

4- 

i 

H 

24 

— 

4- 

+ 

+ 

4- 

d: 

+ 

_ 

— 

— 

_ 

— 

— 

4- 



36 

— 

— 

— 


+ 

— 

± 

— 

— 


— 

— 

— 

4- 



48 

— 

— 

— 

— 





— 

— 


— 

— 

4- 



1 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

4“ 

+ 

+ 

— 

— 

__ 

4- 



2.5 

+ 

4- 

+ 

a. 

+ 

+ 

+ 1 

4" 

4- 

+ 

— 

— ! 

— 

4- 



5 

4- 

+ 

+ 

+ 

4- 

+ 

4- 

4- 

+ 

— 

— 

— 

— 

+ 

8 

3 

15 

+ 

4- 

+ 

+ 

4- 

4- 

+ 

+ 

+ 

— 

~ 

— 


4- 

u 

V 

P 

2 

20 

+ 

4- 

+ 

+ 

+ 

4- 

+ 

— 

+ 

— 

— 

— 


+ 

'o 

JZ 

30 

db 

4- 

+ 

+ 

4- 

+ 

4- 

— 

dr 

— 

- 

— 

— 

4- 

o 


45 

— 

+ 


+ 

4- 

4- 

+ 

— 

— 

— 

— 

— 

— 

4- 

A 


60 

— 

4- 

+ 

+ 

4- 

— 

4- 

— 

— 

— 

— 

— 

— 

+ 

> 


90 

— 

— 

— 

— 

+ 

— 

— 

— 

— 

— 

— 

— 

— 

4- 


u 

3 

2 

_ 

_T 

_ 


_ 

_ 

_ 

i _ 

r 

_ 

_ 

_ , 

_ 

4- 


Xi 

















We know following facts by results noted in Table 2. 3. 4. 

The sterilising power of formic acid (C^ is stronger than any of acids from 
C, to C 5 on each concentration. 

From caproic acid (C 6 ) according to the increase of the number of C 
atom, the solubility of acids to water greatly deminishes, but the sterilising 
power increases very strongly.. Caprylic acid (C 8 ), pelargonic acid (C 9 ) and 
capric acid (C 10 ) are very strong, above all capric acid has the strongest 
sterilising power. 

( 6 ) Colleration of sterilising action between Normal and Iso compound. 


Table 

Bulyric 1 
Isobutyric J 


5. Colleration of sterilising action between Normal and 

Iso-Fatty acids affecting on microorganisms. 

VaVrir 1 ^ These 3 series of acids have th samepll on JV/10. 

vaieric . ^aproic jv/100. JV/1000. According to this, the difference 

Isovaleric J Isocaproic J Q f sterilising power is not due to pH. 


Suspension 

0.1 c.c. 
added 



S 

itaph, c 

pyogenes 

aureus 



F 

Voteus vulgaris, Hauser 




mo 

| N/ 100 

i 

I 

//1001 

9 | mo 


JV/100 J 

>71001 


Surviving 

Minut 

Hour 

I 

lour 



Hour 

| Minut 

Minut Hour 

Hour 


period 

45 60(90 

2 

3 6 

9 

12|'2424|36|48 

7215 203045 60 

90 2369 

122436 

Butyric acid 

4- 

4* 

- 


— 

4- 4* 

+ 

- 

-1 

4- 

db 

- 

-4-4- 

- 

4* 

4- +-+ 

4- 


- 

Isobutyric" 

+ 

4- 

4- 


- 

4- 4- 

4- 

4- 

- 

4- 

4- 

4- 

-4-4- 

4- 

- 4- 

4- + 4- - 4- 

4- 

4* 

- 

Valeric " 

4* 

4- 

- 


- 

1+ 4- 

4* 

- 

- 

+ 

- 

- 

-h dr 

- 

- 4- 

4- ± - - + 

+ 

- 

- 

Isovaleric" 

4- 

4- 

4- 


- 

+ + 

+ 

dr 

- 

4- 

+ 

dr 

- + + 

4- 

- 4- 

4- 4- db —f 

4- 

db 

- 

Caproic " 






± - 

- 

- 

- 

db 

- 

- 

- 


• 

4- 

--+ 

- 

1 “ 

- 

Isocaproic " 






4- 4- 

- 

r 

- 

+. 

dr 

- 

- 


+ 

4- dr - 4* 

db 

|- 

- 

Control 

+ 

4* 

4- 


+ 

4- f 

4- 

+ 

+ 

4- 

:+ 

+ 

4- 4~ 4* 

4* 

4* 4- 

4* 4* 4* 4" +“ 

4- 

— 

4- 











14 


[Vol. 9 


Suspension 

0 1 c r. 




Bac. t 

yphosus 








Vib. 

cholerae 




added 

Nfli 

) 

A7100 

i 



N! 003 


iv/ 10 1 


iV/10( 

) 



jv /1000 

Surviving I 

Minul 

t 

Minut 

Hour 



] 

flour 


Minut | 

IS 

limit 



Minut 


Hour 

period 20|30 

45 

60 

90 2 

3 

6 

9 

9 

12243648 

1 2.5 2.5 

5 

15 

20l 

i 

30 30 

45 ! 

6090 

2 

Butyric acid A 

A 

- 

- 

4- 4* 

A 

- 

- 

A 

A 

A 

- 

- 

A - - 

A 

A 

A 

- 

- aI 

4 1 

A 

- 

- 

Isobutyric" A 

A 

4- 

- 

4- 4- 

4- 

A 

- 

4- 

4- 

A 

A 

r 

A - - 

A 

A 

a! 

A 

- A 

A 

A 

A 

- 

Valeric 77 + 

A 

- 

- 

4- 4- 

- 

- 

- 

4- 

4- 

A 

- 

1 

- - - 

A 

A 

J 

- 

- A 

+ 

A 

- 

- 

Isovaleric 77 A 

A 

A 

- 

4- 4- 

4- 

- 

- 

+ 

4- 

A 

A 

1 

A - - 

A 

A 

A 

A 

- A 

A 

A 

- 

- 

Caproic " 




4- - 

- 

- 

- 

A 

- 

- 

- 

- 


A 

- 

- 

- 



- 

- 

- 

Isocapro ; c 77 




4* 4* 

- 

- 

- 

4- 

4- 

- 

- 

— 


A 

A 

- 

- 

- A 

“1 

- 

- 

- 

Central A 

A 

4- 

4- 

4- A 

4- 

4- 

4- 

A 

4- 

A 

A A 

A A - 

A 

A 

A 

+ 

A A 

A 

A 

A 

A 
























Suspension 




Bac. 

typhosus 







Vib. 

cholerae 




added 


//1< 

0 | 

iV/lOO 




A T /1000 


A’/10 


N/m 



N /1000 

Surviving 

Minut 

Minut 

I tour 



I 

lour 


Minut 


Minut 

Minut 


[lour 

period 

45' 

6(>j90 

90 2 

3 

o| 

9 

12j24 36 48 

72 

1 2.5 5 

10 is) 

20 

3045 25 

60|90| 

2 

! 3 

Butyric acid 

A 

- 

- 

4- 4- 

4- 

- 

- 

4- 

A 

A 

- 

- 

4 - - 

4- 

A 

A 

- 

- A 

A 

A 

- 

- - 

Isobutyric 77 

4- 

A 

- 

4- 4- 

4- 

4 

- 

4- 

A 

A 

A 

- 

A A — 

A 

A 

A 

A 

- A 

A 

4 

4 

- - 

Valeric 77 

4- 

- 

- 

4- 4- 

- 

- 

- 

4- 

A 

- 

- 

- 

A - - 

A 

A 

A 

- 

L - A 

A 

- 

- 

- - 

Isovaleric 77 

4- 

A 

- 

4- A 

A 

A 

- 

4- 

A 

A 

- 

- 

A A -j 

A 

A 

a' 

A 

- A 

A 

A 

- 

- 

Caproic 77 




4- A 

- 

- 

- 

A 

- 

- 

- 

- 


A 


-| 

- 

- A 

- 

- 

- 

- - 

Isocaproic 77 




A 4- 

4- 

A 

- 

4 

A 

- 

- 

- 

1 

A 

A 

- 

- 

- A 

A 

- 

- 

- - 

Control 

i 

4- 

+ 

- 

4- 4- 

4- 

A 

4- 

4- 

A 

A 

A 

i + 

A A A 

A 

A 

A 

- 

A A 

A 

A 

A A 


Suspension 


Staph, c. pyogenes aureus 



Proteus v 

ulgari 

s, Hauser 



added 

1 

v /10 

j iv /100 

1 

JV/1000 J 

v /10 

J 

//100 

| N/m 

0 

Surviving 

Minut 

Hour Hour 

i Lour Minut 

Minut 

Hour Hour 

period 

90 

2 

3 3 6 9 1224 36 24 36j48j7696]30|4560 

90 

2 3 

6 9 122436)48 

Butyric acid 

A 

- 

- + + + + 

— 

A A 

A 

-A 

— 

A 

A A 

-A A 

- 


Isobutyric 77 

A 

A 

- + + + + 

A - 

A A 

A 

A - A 

A - 

A 

A A 

A - A A 

A 

- 

Valeric 77 

A 

- 

- A A A A 

— 

A A 

- 

-A 

— 

A 

A A 

-A A 

- 

- 

Isovaleric 77 

i A 

A 

— A A A A 

A - 

A A 

A 

-A 

A - 

A 

A A 

A-AA 

A 

- 

Caproic 77 



A- 


A - 

- 

— 


A 

— 

- - A - 

- 

- 

Isocaproic 7/ 



A A - 

— 

A A 

- 

— 


A 

A — 

- - A A 

- 

- 

Control 

| A 

A 

- + + + + 

A - 

A A 


AAA 

+ + 

+ 

A A 

; 

A A A A 

A 

A 


( 7 ) Sterilising action at the same p!I of mono basic fatty acids. 

To know the sterilising action of monobasic fatty acids and strong mineral 
acids on the same pH, I made solutions of pH 3.0 and pH 4.0 and examined. 
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The results are noted on Table 6. 

Table 6. Sterilising action at the same pH of monobasic fatty acids. 



j 








Surviving period 









Acids pH 3.0 

Siaph. c. 
pyogen. aur. 

Prot. vulgar. 
H. 

Bac. 

typhosus 

Vid. cholerae 

1 

Hour 

Minut 

Hour 

Minut 

Hour 

Minut 


2 

3 

6 12]24 

45)60 

}90 

2 | 3 

6 

90 

I 2 : 

3 

6 

9 ! 

l| 

2.5 

5 

15 

20 

Formic acid 

4 

4 

| 

1 

- 

4 

+ 

4 


- 

+ 

4 

jdb 

- 


4 

4 

4 

- 

- 

Acetic tf 

4 

- 



- 

4 

- 

- 

i 1 

- 

4 

- 

- 

- 


4 

- 

- 

- 

- 

Butyric tf 

4 

- 

- 


- 

4 

- 

- 

1 i 

i 

! 

4 


- 

- 

- 

4 

- 

- 

- 

j- 

Isobutyric " 

4 

4 

- 

_ 

- 

4 

4- 

- 


- 

4 

4 

- 

- 

- 

+ i 

4 

- 

- 

- 

Valeric fr 

4 

- 

— 

- 

- 

4 

- 

- 

1 

- 

+ 

- 

- 

- 

— 

4 

__ 

1 

- 

- 

Isovaleric ff 

+ 

+ 

- 

- 

- 

4 

4 

- 

- - 

- 

! 4 

4 

- 

- 

- 

4 

4 


- 

- 

HNQj 

S+j 

+ 

4 

4 

- 

4 

4 

4 

4 4 

- 

: 4 

4 

,4 

4 

- 

4 

4 

4 

4 

- 

HCI 

; + 

+1 

4 

z\ 

- 

4 

4 

4 

4)4 

- 

! + 

4 

4 

4 

- 

4 

4 

4 

4 

- 

Control 

j + i 

i 

+ i 

4 

4 

4 

4 

4 

4 

4-4 

4 

• 4 

1 __ 

4 ( 4 

+ 

4 

4 

4 

4 

4 

4 


' 



Surviving period 

Acids 


pH 

| Staph. 

. e 

. pyogen. aur. | 


Prot 

. vulgar. 

II. 




| Minut 




Hour 



| Minut 



1 lour 






20 1 

30 

Il2(24i36|48| 

72| 

96i 

120 

1 

2.5 

5 

6 

1911212436 

|48|72 

Formic 

acid 

4.0 

4 

4 

4 

4 

4 

4 

|dfc 

- 

- 

4 

4 

4 

4 

4 

4 

4 

- 

- 

- 

Acetic 

tt 

tt 

4 

4 

4 

4 

4 

- 


- 

- 

4 

4 

4 

4 

4 

4 

- 

- 

- 

- 

Propionic 

tt 

rr 

4 

4 

4 

4 

4 

- 

- 

- 

- 

4 

4 

4 

4 

4 

4 

- 

- 


- 

Butyric 

rt 

tt 

4 

4 

4 

4 

4 

- 

- 

- 

- 

4 

4 

4 

4 

4 

4 

- 

- 


- 

Isobutyric 

n 

rt 

4 

4 

4 

4 

4 

[dr 


- 

1 

- 1 

4 

4 

4 

4 

4 

4 

db 

- 

- 

- 

Valeric 

tt 

rt 

4 

4 

4 

4 

4 

- 

- 

- 

- 

4 

4 

4 

4 

4 

4 

- 

- 

- 

- 

Isovaleric 

rt 

rt 

4 

4 

4 

4 

4 

dr 

- 

- 

- 

4 

4 

4 

4 

4 

4 

db 

- 

- 

- 

Caproic 

if 

rt 

4 

4 

4 

+ 

— 

_ 

- 

- 

- 

4 

4 

4 

4 

4 

- 

- 

- 

- 

- 

lsocaproic 

tt 

tt 

4 

4 

4 

4 

4 

- 

- 

- 

- 

4 

4 

4 

4 

4 

4 

- 

- 


- 

Oenanthylic" 

tt 

4 

- 

4 

- 

- 

- 

- 

- 

- 

4 

4 

4 

4 

- 

- 

- 

- 


- 

Caprylic 

tt 

4.8 

4 

- 

- 

- 

- 

- 

- 

- 

- 

4 

4 

- 

j 

- 

- 

-! 

- 

- 

- 

Pelargonic 

tt 

rt 

4 

- 

- 

- 

- 

- 

- 

- 

- 

4 

db 

- 


- 


- 

- 

- 

- 

Capric 

tt 

tt 

4 

- 

- 

- 

- 

- 

- 

- 

- 

+ | 

± 

- 


- 

1 

- 

- 


- 

HNO s 


4.0 

4 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 

4 ' 

4 

4 

- 

HCI 


tt 

4 

+ 

4 

+ 

4 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

- 

Control 



4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 
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Propionic acid 
Butyric n 
Isobutyric tt 
Valeric tt 
Isovaleric tt 
Caproic ff 
Isocaproic tt 
Oenanthylic tt 
Caprylic tt 
Pelargonic // 

Capric tt 
HNO s 
IIC1 
Control 

By above experiments we know next facts. On the same pH of acids, 
the sterilising action of formic acid (C,) is the weakest and acid from C t to 
C 6 have nearly the same sterilising power. These G acids have more stron¬ 
ger sterilising power than that of formic acid. From C 7 the sterilising power 
of acids increases suddenly very strong. Especially acids of C 8 , C 9 , C 10 , are 
extraordinally strong. Accordingly undissociated molecules have great collera- 
tion on the sterilising action of saturated monobasic fatty acids. And this fact 
is distinct according to the increasement of C atom. 

On the same pH, the sterilising action of monobasic fatty acids have the 
more stronger sterilising power than strong mineral acids. 

( 8 ) Sterilising action of anion of saturated monobasic fatty acids. 

Acids are all dilute watery solution under NJ 10. Accordingly the steri¬ 
lising action of acids can be thought the action of pH, undissociated molecule 
and anion. To know the sterilising action of anions (from formic to isoca¬ 
proic), I made N /100 of the Na salt having the same anion of acids. (iV/lOOO, 
• ••Oenanthylic, Caprylic, Pelargonic, Capric) Results are as following table. 


Table 7. 


^ ^ Surviving^period jj 

Na-salts 

Staph, c. 
pyogen. aur. 

Prot.j vulgar. 
:ii. 

Bac. typhosus 

Vib, cholerae 

Day 

Day 

1 

Day 

1 Minut 

Hour 

__ 

4 

5 

6 

7 

8 

2 

3 I 

41 

5 | 

6 

7 

21 

3 

4 

5 

6 

7 

60 

90 

2 

3 

6 

6 

Formate 

A 7100 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Acetate 

ft 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Propionate 

\ tt 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Butyrate 

tt 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Isobutyrate 

tt 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Valerate 

tt 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

± 

+ 

+ 

+ 

+ 

+ 

=fc 

+ 

+ 

+ 

+ 

+ 

± 

Isovalerate 

' tt 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

i 

+ 

+ 

+ j 

+ 

+ 

+ 

+ 

+ 

+ 


4 0 

ft 

tt 

ft 

tf 

ft 

tf 

ft 

4.8 

tt 

tt 

4.0 

tt 


+ 
+ !+ 
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Caproiate 

A'/lOO 

4 

4 

4 

4 

d 

4 

+ 

4 

d 

d 

d 

4 

d 

4 

4 

4 

- 

4 

4 

4 

4 

4 

Isocaproiate 

tf 

4 

4 

4 

+ 

4 

+ 

+ 

+ 

4 

d 

d 

+ 

d 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Oenanthylate 

o 

o 

o 

tH 

4 

4 

-1- 

4 


4 

4 

4 

d 

d 

- 

4 

d 

+ 

4 

- 

- 

4 

4 

4 

4 

4 

Caprylate 

// 

4 

4 

d 

- 

- 

4 

d 

- 

- 

- 

- 

4 

d 

d 

- 


- 

4 

4 

4 

4 

- 

Pelargonate 

tt 

4 

4 

d 

- 


+ 

d 


- 

- 

- 

4 

4 

i 

d 

- 

- 

__ 

4 

4 

+ 

4 

- 

Caprinate 

tt 

4 

4 

d 



4 

d 

- 

- 

- 

- 

d 

4 

d 

- 


- 

4 

4 

4 

d 

- 

Control 


4 

4 

+ 

d 

- 

4 - 

d 

+ 

- 

- 

- 

d 

4 

d 

4 

- 

- 

4 

4 

4 

4 

4 


By above experiment we know next facts. 

Anions of each acids from C 4 to C 6 have no sterilising power, but anions 
Df acids—C 8 , C 9 , C 10 —, have very weak sterilising power respectively. 

( 9 ) Relation to sterilising action of molecular concentration and pH. 
Results are as following table. 


Table 8. Colleration of sterilising action between molecular 
concentration and pH. 





Surviving 

Staph, c. 

nnr 

pyuger 

Prot. vulgar, 


Vib. 

choler 




period 

■- 

— 

— 


— 

— 



— 

— 

— 

— 

— 

— 


— 

Acids 


Normal 


Minut 

9ol 

Hour 


Minut 



Minut 





pH 

30 45j 

60 


2 J 

3 | 

6 | 

15 | 

20 

3045 

60 

90 

i 1 

2.5 

5 

Formic 

acid 

1/100 

2.8 

4 

4 

4 

4 

4 


- 

4 

4 

4 

4 

4 

- 

4 

- 

- 

Acetic 

tf 

1/10 

2.9 

4 

4 

4 

- 

- 

- 

- 

4 

4 

- 

- 

- 

- 

d 

- 

- 

Propionic 

tr 

rr 

tt 

4 

4 

4 


- 

- 

- 

4 

4 

- 

- 

- 

- 

d 



Butyric 

tt 

rr 

tr 

4 

4 

4 

- 

- 

- 

- 

4 

4 

- 

- 

- 

- 

d 

- 

- 

Valeric 

tf 

tt 

tt 

4 

4 

4 

- 

- 

- 

- 

4 

4 

- 

- 

— 

- 

d 

— 

— 





\ Surv- 
\ tvlnft 

Staph. 

c. 

pyogen. aur. 

Prot. vulga 

r. 

H 


Vib. 

cholerae 

Acids 


Nolmal 

\ P^ r ' 
\ lod 

Minut 

, 

Hour 


Minut 

1 


Hour 



Minut 






p ii\ 

2.5 

5 

,20 

,30|3 

6 

9 

1224 

2.5 

5 60' 

2 

, 3 ! 

6 

! 9 

4 5 l 

5 

15 

20 

30| 

1 45 

Formic acid 

1/1000 

3.3 

4 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 


4 | 

+ 

4 

4 

± 

- 

Acetic 

tr 

1/100 

3.4 

4 

4 

4 

4 

4 

4 

4 

- 

- 

4 

4 

4 

4 

!- 

- 

- 

4 i 

4 

4 

- 

- 

- 

Propionic 

tt 

tr 

rr 

4 

4 

4 

4 

4 

4 

4 

- 

- 

4 

4 

4 

4 

- 

- 

- 

4 

4 

4 

- 


- 

Butyric 

tr 

tt 

tt 

4 

4 

4 

4 

4 

4 

4 

- 

- 

4 

+ 

4 

4 

- 


- 

4 

4 

4 

- 

- 

- 

Valeric 

tr 

tt 

tt 

4 

4 

4 

4 

4 

4 

d 

- 

- 

4 

4 

4 

± 

- 

- 


4 

4 

± 

- 

- 

— 

Caproic 

tt 

rr 

tt 

4 

4 

4 

4 

d 

- 

- 

- 

- 

4 

4 

4 

- 

- 

- 

* 

4 

- 

- 

- 

- 

- 

Oenanthyl 

ic ft 

tt 

tr 

rb 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-j 

- 

- 

- 

- 


- 

- 

- 

- 

- 

— 

Capric 

tt 

mm 

4.8 

4 

4 

4 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

* 

- 

- 

- 

— 

- 

— 

Control 




4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


Formic acid ^100.pH 2.8, JV/1000.P H 3.3 

Valeric ^a^roic^ ButynC *} acid N/10 .pH 2.9, JV/100 .pH 3.4 


If the sterilising action was determined only by pH, then the sterilising 










18 


[Vol. 9 


power of N /100 or N /1000 of formic acid must be stronger than those of Nj 10 
or N /100 of acetic, propionic, butyric, valeric, carpoic acid respectively. But 
facts are quite contrary. And these anions have no sterilising power. 

By these facts we hnow that the molecular concentration of fatty acids 
have competent sterilising power on microorganism. 

Comparing the sterilising action of the same pH and the same molecular 
concentration of saturated monobasic fatty acids, caproic acid and oenanthylic 
acid are stronger than any of acids from formic to isovaleric acid. 

Above all caprylic (C 8 ), pelargonic (C 0 ), capric (C 10 ) acids (•••iV/lOOO, pH 
4.8) are extraordinary stronger than any of acids from formic to caproic acids 
{-N/l 00, pi I 3.4). 

These anions have very weak sterilising power. By above facts slerilising 
action of caprylic acid, pelargonic acid and capric acid are due to the 
undissociated molecule. 


Conclusion 

I studied the sterilising action of 13 kinds of saturated monobasic fatty 
acids from formic [C x ) to capric (C J0 ), on putrifactive bacteria, Bac, typhosus 
and Vib. cholerae. 

Molecular concentration of these acids are more dilute watery solution 
than N /10 respectively. 

Results are as follows : 

(1) In the same molecular concentration, the sterilising power of formic 

acid (Cj) is stronger than any other acids (C 2 ) to isovaleric (C 5 ). 6 

acids—from acetic to isovaleric—, have neary the same sterilising 
power. 

(2) According to the increase in the number of C atom, from caproic 
acid the solubility of reagents to water greatly diminishes, but the 
sterilising power becomes greatly increase. Caprylic (C 8 ), pelargonic 
(C„), capric (C 10 ), these 3 acids have specially very strong sterilising 
power. 

(3) The sterilising action of lower fatty acid such as formic to isovaleric 
* (C„) is due to pH chiefly, but the concentration of undissociated mole¬ 
cules also gives somewhat strong effect.upon sterilising action. 

(4) Anions of saturated monobasic fatty acids have no sterilising power 
or have very weak sterilising power. 

(5) The sterilising action of 3 acids, caprylic, pelargonic, capric, is chiefly 
due to the action of undissociated molecule. pH and anions of these 
acids have subsiduary action. 

(6) Normal compounds have stronger sterilising power than Iso compounds. 
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(7) Mineral acids such as HN0 3 , HC1, H 2 S0 4 and H 3 P0 4 (ortho) have 
stronger sterilising power than any of saturated monobasic fatty acids 
from formic to isocaproic acid on the same molecular concentration. 
j(8) Saturated monobasic fatty acid have stroger sterilising power than any 
of mineral acid such as HNO a , 1IC1, H 2 S0 4 , II 3 P0 4 , on the same pH. 

I express profound thanks for Dr. Y. Tohyama and Dr. S. Kojima for 
their kind advices for the experiment. 
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Uber die Protease und Amylase des Blutes der 
Seidenraupe {Botnbyx Mori, L.). 

Von 

Kazuo Yamafiui. 


(A us d. Biochcm. Tnstitid d. Landw . AbteU. d. 
Kaiserl. Kyushu-Univ. zu Fukuoka, Japan.) 

(Eingegangen am 14, Dezember 1932) 


Um zu einer Aufklarung fiber die Erniihrung, die Physiologie und die 
Phathologie der Seidenraupe zu kommen, sind selbstverstandlich Forschungen 
uber das Blut der Larve unerlasslich. Bezuglich der chemischen Bestandteile 
des Blutes sind bereits von verschiedenen Seiten studien angestellt worden, 
aber es ist noch wenig iiber die darin vorkommenden Elnzyme bekannt. 
Einige Forscher haben im Blute der Larve der Seidenraupen Tyrosinase, 
Invertase, Katalase, Protease und Amylase qualitativ nachgewiesen. Verf. 
mochte nun uber seine Forschungen fiber die beiden letztgenannten Enzyme 
berichten. 

I. Uber die Protease. 

(1) Feststellung der Proteasewirkung Man erh^lt das Blut der Larven 
indem man ihnen die Fusse abschneidet. Das austrende Blut wird in einem 
Gefass mit Toluol gesammelt und sofort gebraucht. Als Puflferlosungen 
dienten M/10 Zitrat-, M/15 Phosphat- und M/10 Glykokoll-Gemische nach 
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Sorensen. Als Substrat wurde 0.5 %\ge Kaseinlosung von der pH 10.92, die 
durch Losen von 5 g Kasein in 10 ccm N /10 Natronlauge und einer kleinen 
Menge Wasser und weiter mit Wasser auf 1 Litre aufgefullt wurde, benutzt. 
Die Substratlosung wurde mit der Pufferlosung und dem mit 0.85^iger NaCl- 
Losung verdiinntem Blut gemischt. Nach einer bestimmten Zeit wurde das 
ungespaltene Kasein mit 1.5^iger Trichloressigsaure gefallt und nephelo- 
metrisch bestimmt. 

(2) Kinfluss der Aciditat auf die Enzymwirkung In folgendem gibt der 
Verf. ein Beispiel aus den zahlreichen Krgebnissen, wie er sie im Journ. Agr. 
Chem. Soc. Japan (Japanisch) dargestellt hat. 


lccm 0.5^*ge Kaseinldsung + 3 ccm Pufferlosung-f 1 ccm mit 0.85^iger NaCl-L5sung. 
fiinffach verdiinntcs Blut. Temp. 22°, Wirkungsdauer 19 Stunden. 


pH 

mg gespaltenes 
Kasein 

Kaseinspaltung ! 
% | 

1 pU 

mg gespaltenes 
Kasein 

Kaseinspal tung 
% 

1.54 

1.61 

32.2 

6.66 

0.99 

19.8 

1.91 

1.67 

33.4 

7.17 

1.08 

21.6 

2.36 

2.17 

43.4 

7.71 

1.14 

22.8 

3.11 

1.58 

31.6 

8.52 

1.51 

30.2 

3.82 

0.44 

8.8 

8.93 

1.50 

30-0 

6.24 

0.894 

17.8 

9.54 

0.84 

16.8 


(3) Einfluss der Temperatur auf die Enzymwirkung 


Ein Beispiel: 1 ccm 0.5#ig« Kaseinlosung+ 2 ccm Pufferlosung-f- 1 ccm 4fach verdiinntes Blut. 


pH 

2.38 j 

8.52 

Versuchszeit ] 

| 65 Min. | 

55 Min. 

Temp. (°C) 

mg gespaltenes 
Kasein 

Kaseinspaltung 

1 ^ 1 

mg gespaltenes 
Kasein 

Kaseinspaltung 

% 

8 

0.12 

3.0 

— 

— 

20 

0.61 

15.3 

0.24 

6.0 

25 

0.69 

17.3 

0.45 

11.3 

30 

0.79 

19.8 

0.54 

13.5 

35 

0.95 

23.9 

0.63 

14.8 

40 

1.12 

28.0 

0.77 

• 19.3 

45 

0.84 

21.0 

0.65 

14.0 

50 

0.63 

15.8 

0.51 

12.3 

65 

0.52 

13.0 

0.12 

3.0 

15 

0.20 

5.0 

0.05 

1.3 


(4) Beziehimgen zwischen den Rassen und dem Wachstum der Seiden- 
raupen und der Wirksamkeit der Protease 
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2 ccm 0.5#ige Kaseinldsung + 3 ccm Zitrat-salzs?.uregemisch + l ccm 5fach verdUnnles Blut. 
Temp. 31°. pH 2.38. Versuchszeit 24 Stunden. 


In den 5len Alter 

Iter 

Tag 

3 ter 

Tag 

6 ter Tag 


gespaltenes Kasein 

gespaltenes Kasein 

gespaltenes Kasein 

Rasse 

i 

mg 

# 

mg 

# | 

mg 

# 

Japan-110 

4.75 

51.9 

— 

— 

4.75 

51.9 

Japan-Gin. xEuropa-7 

4.53 

49.6 

4.14 

45.3 

4.14 

45.3 

Japan-110 X Europa-7 

4.63 

50.7 

4.22 

4.22 

4.65 

50.3 

China-7 X Japan-Gin. 

4.34 

47,5 

4.34 

47.5 

4.70 

51.4 

Europa-7 X Japan-HO 

4.61 

50.4 

— 

— 

4.85 

53.1 


(5) Der Unterschied zwischen der Kaseinspaltbarkeit des Bluts bei 
Mannchen und Weibchen der Larve 

2 ccm 0.5#*g« Kaseinldsung + 3 com Pufferldsung + 1 ccm 5fach verdiinntes Blut. pH 2.38» 
Versuchsdauer 20 Stunden. 



^Nr. 1 

■£Nr. 2 

■?JVr. 3 

^.Mittel 

S Nr. 1 

$Nr. 2 

$ Nr. 3 

JMittel 

mg gespaltenes 
Kasein 

4.33 

4.25 

4.29 

4.29 

1 

4.76 

4.72 

4.81 

4.76 

Kaseinspaltung # 

43.3 

42.5 

42.9 

42.9 

47.6 

47.2 

48.1 

! 47.6 


II. Uber die Amylase. 

(1) Feststellung der Amylasewirkung Die Gewinnung des Bluts und 
der Gebrauch der Pufferldsung waren dieselben wie in dem Experiment uber 
die Protease. Zur Mischung der 5«£igen Starkelosung und der Pufierlosung 
wurde das mit 0.85^iger NaCl-Losung verdiinnte Blut addiert und nach 
bestimmter Versuchsdauer der entsandene, reduzierende Zucker mittels der 
Methode von Bertrand bestimmt. 

(2) Einfluss der Aciditat auf die Amylasewirkung 


Ein Beispiel: 3 ccm 5#ige st&rkeldsung+5 ccm Pufferldsung+ 1 ccm 3fach verdiinntes Blut. 
Temp. 31°, Wirkungeszeit 24 Stunden. 


pH 

ccm 0.5# 
KMn0 4 

mg Maltose 

Spaltung 

# 

pH 

ccm 0.5# 
KMn0 4 

mg Maltose 

Spaltung 

# 

5.20 

1.6 

14.3 

6.5 

7.17 

5.0 

45.4 

20.7 

5.81 

1 4 - 2 

38.1 

17.4 

7.60 

3.2 

28.2 

13.1 

6.18 

6.0 

55.3 

25.2 

8.04 

2.4* 

21.6 

9.8 

6.61 

6.2 

56.5 

25.8 

8.52 

2.2 ] 

19.8 

9.0 


(3) Einfluss der Temperatur auf die Enzymwirkung 
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Ein Beispiel: 4 com Sf^ige Stflrlceldsung-f 4 ccm Puflerlosung + 2ccm 5^ ac ^ verdiinntes Blut. 
pH 6.18, Versuchsdauer 90 Min. 


Temp. 

°C 

j 20 

I 25 

30 

! I 

j 35 

40 

j 

45 

55 

i 

| 65 

j 75 

ccmO.l# 

KMn0 4 

3.0 

3.6 

* 

4.8 

4.0 

1.6 

0.9 

0.4 

_ 

0.2 


(4) Beziehungen zwischen den Rassen und dem Wachstum der Seiden- 
raupen und der Wirksanikeit der Amylase 


Angewandt: 3 ccm 5 ^ige Stftrkelosung, 4 ccm Phosphatgemisch, 1 ccm 5 fach verdiinntes 
Blut. pH 6.18, Temp. 31°, Versuchszeit 24 Stunden, 


In den 
5ten Alter 1 

! 

Rasse 

Japan-110 

Japan-Gin. 

X Kuropa-7 

Japan-110 

X Kyropa-7 

China-7 X 
Japan-Gin. 

Europa-7 X 
Japan-110 


ccm 0.5# 
KMnC) 4 

i 

2.3 

1.5 

2.0 

1.6 

2.0 

Iter Tag 

mg Maltose 

20.7 

13.0 

18.0 

14.3 

18.0 


Spaltung 

# 

15.7 

10.2 

13.7 

10.9 

13.7 


ccm 0.5# 
KMnQ 4 

— 

2.4 

3.3 

8.8 


3ter Tag 

mg Maltose 

— 

21.6 

29.7 

77.0 



Spaltung 

# 

— 

16.4 

22.6 

58.5 

— 


ccm 0.5# 
KMn0 4 

3.2 

1 

3.8 

2.9 

2.9 

t 3.3 

6ter Tag 

mg Maltose 

28.8 

34.2 

26.1 

26.1 

29.1 


Spaltung 

# 

21.9 

26.0 

19.1 

19.1 

22.6 


(5) Der Geschlechtsunterschied in der Verzuckerungskraft des Bluts bei 
der Seidenraupe 

Angewandt: 6 ccm 5^ige StSLrkelosung, 8 ccm Pufferl&sung, 1 ccm 5fach verdiinntes Blut. 
pH 6.18, Temp. 28°, Versuchsdauer 20 Stunden. 



#Nr. 1 

^Nr. 2 

^.Nr. 3 

^.Mittel 

£Nr. ! 

£Nr. 2 

$Nr. 3 

$Mittel 

ccm 0.5# 
KMn0 4 

2.10 

2.25 

2.10 

2.15 

1.50 

1.95 

2.10 

1.82 

mg Maltose 

^ 18.9 

20.3 

18.9 

. 

19.4 

13.4 

| 17.6 

18.9 

16.6 

Spaltung # 

7.2 

7.7 

| 7.2 

7.4 

5.1 

6.8 

7.2 

6.4 
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Zusammenfassung. 

(1) Die protease des Bluts der Seidenraupe zeigt zwei ausgesprochene plf- 
Optima, namlich pH 2.3 und pH 8.8. Das Temperaturoptimum liegt 
bei 40°. 

(2) In der proteolytischen Wirkung des Bluts besteht kein Unterschied in 
den Rassen und in den Wachstumperioden der Seidenraupen, aber 
diese Wirkung ist bei den Mannchen etwas starker als bei den Weibchen. 

(3) Die Blutamylase der Seidenraupe zeigt die optimal Aktivitat bei pH 
6.5 und das Temperaturoptimum liegt bei 35°. 

(4) Unter fiinf Rassen der Seidenraupen besteht kein Unterschied in den 
Wirksamkeit der Blutamylase. Die Amylasewirkung wird mit dem 
Wachstum der Seidenraupe starker und ist auch bei den Weibchen 
etwas starker als bei den Mannchen. 


Uber die Begiinstigung des Azotobacter-Wachstums 
durch mineralische Stoffe aus Bodenextrakten. 

Von 

K. Konishi und T. Tsuge. 

(Eingegangen am 12, Dezembcr, 1932) 

(Folgendc Uutersuchungen wurden im Laboratorium fur Bakteriologic der 
Biologisclien Reichsanstalt fur Land- und Forstwirtschart in Berlin-Dahlem 
und im Agrikulturchemisclien Institut der Kaiserliclien Universitat zu 
Kyoto, Japan, ausgefUhrt. Wir sprechen Ilerrn Oberregierungsrat Dr. 

C. Stapp und Hcrrn Dr, H, Bortels fiir die Anregung zu diesen Unter- 
suchungen und fUr viele Ratschlftge unseren herzlichen Dank aus. Ebenso 
sind wir den HSerren Prof. Osugi, Prof. Kimura, Dr. Iwamura, un<f Dr. 
Miyanisi fUr mancherlei Rat zu Dank verpflichtet.) 


Die fiir Entwicklung und Wachstum des Azotobacters in synthetischen 
Nahrlosungen notwendigen oder nutzlichen Stoffe wurden schon oft von vers- 
chiedenen verfassern eingehend untersucht. Einige von solchen Stoffen wutden 
fur Azotobacter als lebensnotwendig, andere als stimulierend wirkend angesehen, 
und Nahrlosungen, die 10 und mehr anorganische Substanzen enthielten, wurden 
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als geeignete Nahrboden empfohlen. So wurden von Ashby eine sehr gute 
synthetisch hergestellte und von Meyerhof und Burk und von Wolff ahnliche, 
etwas modifizierte Nahrlosungen vorgeschlagen. Jedoch vermochten nachKrze- 
mieniewski (1901, 1907) und Christensen (1915) Reinkulturen von Azotobacter 
in N- freier Nahrlosung bei Gegenwart von frischer oder sterilisierter Erde 
mehr N aus der Luft zu fixieren als in Nahrlosung ohne Erde. Christensen 
hat gemeint, dass fur die N-Bindung nicht nur die in der Nahrlosung gewohn- 
lich vorhandenen Stoffe, sondern noch irgendwelche Bestandteile des Bodens 
notwendig seien. Bortels hat neuerdings eine erhebliche Wirkung von Erd- 
extraktasche beobachtet. Er hat Erde mit Wasser extrahiert und den Extrakt 
einer Mannit Nahrlosung zugesetzt. Dann hat er gefunden, dass bei Verwen- 
dung solcher-Erdextrakte, die bei neutraler bis alkalischer Reaktion gewonnen 
wurden, ein sehr viel kraftigeres Azotobacterwachstuin stattfindet als ohne 
Zusatz von solchen Auszugen aus Erdextraktaschen. 

Es gibt viele Moglichkeiten, die Wirkung von Erdextrakten zu erklaren. 
Man glaubte, dass diese auf in den Extrakten vorhandene Salze des Eisens 
oder Aluminiums beruhe, oder dass Kolloide der Hydroxyde des Eisens oder 
Aluminiums oder die in geringer Menge vorhandenen organischen Substanzen 
hierfiir verantwortlich zu machen seien. Wir nahmen mit Bortels an, dass 
sich im Erdextrakt auf die N-Bindung des Azotobacters gunstig wirkende 
anorganische Bestandteile befinden mussen. Bortels hatte ermittelt, dass 
Salze des Molybdans (1930) und solche des Vanadins (bishcr noch unveroffent- 
licht!), in geringer Menge der Nahrlosung zugesetzt, Azotobacter zu mindes- 
tens ebeso energischer N-Bindung befahigen wie Erdextraktascjie, und zwar 
Vanadin in etwas geringerem Masse als Molybdan. 

Wir wollten nun versuchen, die Anwesenheit solcher Elemente in den 
Erdextrakten nachzuweisen und bedienten uns dabei der spektroskopischen 
Methode, da nach Lundegardh (1929) und Iwamura (1931) die Spektralanalyse 
eine zuverlassige Mikromethodik ist. 

Wir haben 1 kg mit CaCO a versetzter Erde aus Dahlem mit l L aqua 
dest. bei 2 Atm. extrahiert, den Extrakt in der Quarzschale zur Trockene 
eingedampft und verascht. Aus dieser Asche wurde ein Auszug mit heissem 
Wasser hergestellt und, wenn notig, mit H,S0 4 neutralisiert. Dann wurde 
daraus eine Nahrlosung mit Dextrose und mineralischen Salzen bereitet ent- 
sprechend der Stammlosung, die sich wie folgt zusammensetzte : 

Aqua dest. 100 ccm MgS0 4 *7H 2 0 0.05 g. 

Dextrose 2.0 g FeS0 4 *7H s 0 0.005 g 

K 2 HP0 4 0.1 g CaCO s 0.5 g 

Als Versuchsgefasse dienten 750 ccm fassende Erlenmeyer-Kolben aus 
Jenaer Glas. Der auf Mohren-Agar gewachsene junge Stamm von Azotobac- 
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ter chroococcum wurde in die Nahrlosungen eingeimpft, die dann 5 Tage im 
Brutschrank bei 27^28°C gehalten wurden. Am Ende der Versuchsdauer 
Hessen die kolben mit Erdextraktasche eine deutliche Triibung erkennen, und 
der N-Gewinn betrug 3.8 mg auf 100 ccm, wahrend die Kulturen ohne Erd¬ 
extraktasche nur Spuren von Stickstoff enthielten. Ferner haben wir gleiche 
Versuche mit zwei Arten von Erdextraktaschen, die sich auf das Azotobac- 
terwachstum gunstig (“gut”) oder nicht gunstig (“schlecht”) auswirkten, und 
einer solchen von Tschernosemboden durchgefuhrt. Nach 10 Tagen Ver¬ 
suchsdauer war der N-Gehalt der Kultur mit “guter” Erdextraktasche von 
0.91 mg auf 6.76*wl2.79mg und derjenige der Kultur mit “sclilechter” Extrakt- 
asche auf 3.10^4.20 mg gestiegen. Ein Zusatz von Tschernosem-Asche 
vermochte die N-Bindung wenig zu erhohen. Aus weiteren Versuchen ging 
hervor, dass die Kulturen in Nahrlosungen, die grossere Men gen von Extrakt- 
aschen der “schlechten” Erde oder des Tschernosem enthielten, ebenfalls gut 
wuchsen. Wahrscheinlich waren in diesen Aschen die Elmente, die der Ent- 
wicklung des Azotobacters in N-freier Nahrlosung dienlich sind, in viel 
geringerer Menge enthalten. 

Ahnliche Untersuchungen wurden mit 12 Erdproben aus 6 verschiedenen 
Gegenden ausgefuhrt. die sich untereinander durch den Grad ihrer Fruchtbar- 
keit unterschieden. Bei Zusatz der Asche aus fruchtbarer Erde war der 
erhaltene N-Gewinn nicht immer bedeutend. Nur bei Verwendung des N 
armen Erdextraktes selbst fanden wir wieder den Parallelismus zwischen 
Fruchtbarkeit der Erde und N-Gewinn. 

Die Spektralanalyse mit Hilfe des Lichtbogens nach Kimura oder Nitchie 
diente zur Bestimmung der Elemente der Erdextraktashe. Die hierzu 
notwendige Apparatur bestand aus den beiden Kohlen-Elektroden und einem 
Spektroskop E 3 von Adam Hilger. Als untere Elektrode benutzten wir 
eine Kohle von 9 mm Durchmesser, die mit einer Bohrung von 5 mm 
Durchmesser versehen wurde, welche die zu untersuchende Probe aufnehmen 
sollte. Wir hielten zwischen beiden Elektroden immer einen Abstand von 4 
mm, benutzten den Gleichstrom von 110 Volt und arbeiteten gewohnlich mit 
5 Ampere. Vor den Spaltkopf wurde eine Hartmann’sche Spaltblende mit 
drei Offnungen befestigt, wodurch wir 3 vergleichbare Spektrogramme, und 
zwar Eisen als Standard, Kohle mit Probe und Kohle allein gleichzeitig 
aufnehmen konnten. Die auf den Ilford-Panchromatic-Platten aufgenommenen 
Linienspektren wurden unter Hilger’s Mikrometer beobachtet, urn die Lage 
der den unbekannten Elementen zukommenden Linien zu bestimmen und ihre 
Wellenlange zu berechnen. Zuweilen verwendeten wir zum Vergleich das 
Spektrogramm eines Elementes, das wir in der Probe vermuteten, in reiner 
Ldsung. Wenn sich dann die typischen Linien deckten, so bewiesen wir 
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damit das Vorhandensein des fraglichen Elementes. 

Nunmehr untersuchten wir die “gute” Erdextraktasche aus Berlin-Dahlem 
spektrographisch nach der oben geschilderten Methode. Ausser den Elemen- 
ten, die in der Regel in grosseren Mengen vorkommen, konnten wir mit 
Bestimmtheit die nachfolgenden Elemente in sehr geringer Menge nachweisen: 

Titan, Barium, Strontium, Lithium, Chrom, Vanadin, Zink, Nickel. 

Es erhebt sich nun die Frage, ob in Anwesenheit von einigen Salzen dieser 
Elmente die N-Bindung energischer verlauft als in gewohnlicher Nahrlosung. 
Um Klarheit zu bekommen, liessen wir in den einzelnen Versuchsserien jeweils 
ein Salz eines der oben ganannten Elemente in verschiedenen Konzentrationen 
einwirken. Mit Ililfe der Erlenmeyer-Technik von Burk fanden'wir, dass 
Vanadin die N-Bindung durch Azotobacter zu forden vermag, wenn es in 
Mengen von M/10,000^M/100,000 als Natriummetavanadat oder Vanadium- 
Chlorid gegeben wird, und dass den anderen obengenannten Elementen hierbei 
keinerlei Bedeutung zukommt. Die Reinkultur hatte 0.5^0.7 mg N in 100 
ccm gebunden, bei Zusatz von Vanadin-Salz dagegen 4.3^6.7 mg. 

In dem Spektrogramm des Wasserauszuges aus “guter” Erdextraktasche 
erschienen die Linien ^3102, 3113, 3118, 3184 und 3185, die fur die An¬ 
wesenheit des Vanadins entscheidend sind, wahrend in dem Spektrogramm 
der “schlechten” Erdextraktasche die Zahl der Linien abnahm, und A 3183, 
3184 und 3185 nur schwach ausgepragt waren. Bei Tschernosem waren 
auffalligerweise alle Vanadin-Linien verschwunden. Bei den anderen 12 
Erdextraktaschen und ihren'Auszugen war in einem Fall die Intensitat der 
letzten Vanadin-Linien sehr schwach und in den iibrigen Fallen fast un- 
sichtbar und kaum vergleichbar. 

Auf Grund dieser Ergebnisse konnen wir behaupten, dass die Menge des 
Erdextraktasche enthaltenen Vanadins einen wichtigen Faktor darstellt, von 
welchem die Grosse der N-Bindung durch Azotobacter abhangig ist. 


Electro-Conductivity of Textile Fibres 

By 

Risaku Tsunokaye and Gitaro Enomoto. 


(Received 28, December, 1932) 

(Imperial Institute of Silk Industry of the Ministry of Commerce 2 nd Industry , Yokohama , Japan,) 

Summary. 
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The method of determining the electro-conductivity of the textile fibres 
and the influences of the treatments on the electro-conductivity of silk have 
been investigated with the following results. 

(1) The electro-conductivity of textile fibres can be determined compar- 
ingly by the measurement of a constant electric quantity which is 
charged in the quadrant electrometer, in the length of time which 
is needed to discharge it through the test piece of the textile fibre. 

(2) The electro-conductivity of raw silk which is stored in places of 
different moisture and temperature for two years (temp. 5^30° C, 
relative humidity 40^90^) can not be distinguished. 

(3) The electro-conductivity of the rayon is generally larger than that 
of the natural silk. Among the rayons, the electro-conductivity of 
acetate silk is much less than that of the others. 

(4) When raw silk is degummed off, the electro-conductivity of it de¬ 
creases. The electro-conductivity of the scoured silk by means of 
soap or free caustic soda solution is greater than that of the silk 
scoured by enzyme such as pancreatin, therefore, if one wishes to 
get silk of high electric insulation, it is preferable to scoure it by 
enzyme. 

(5) The electro-conductivity of the scoured silk by means of water of 
high temperature and pressure (over 121 °C, two atmospheric press.) 
is greater than that of the silk scoured by soap or enzyme on be¬ 
half of its destruction of fibroin by the treatment under high temp, 
and pressure. 

(6) When the scoured silk by means of soap solution is treated by 
NaOII of different concentration, the electro-conductivity of these silks 
differs, that is, the electro-conductivity of the silk treated by the 
more concentrated NaOII, is greater than that of the less concen¬ 
tration. The reason of this does not depend only on the destruction 
of the fibroin, but is much influenced by the sodium combined with 
it. This conclusion comes from the facts that, a) When the concen¬ 
tration of NaOH is very low (iV/400) the strength and elongation of 
the treated silk is not decreased, while the electro-conductivity of 
it is increased compared with that of the untreated, b) Furthermore, 
when the treated silks with NaOH are immerced into a diluted 
sulphuric acid the electro-conductivity of the sulphuric acid is de¬ 
creased according to the degree of concentration of NaOH which is 
used to treat the silk, that is, the more the Sodium combined with 
the silk fibre the greater its power of decreasing the electro-conduc¬ 
tivity of the sulphuric acid when the silk is immerced into it. 
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(7) When silk is weighted by tin-salt, the electro-conductivity of it is 
increased according to its degree of weighting. This increase of 
electro-conductivity is not caused by the destruction of the fibre, 
but by the weighted salt, because the strength and elongation of 
the silk (at rhe course of weighting) is increased to some extent by 
the weighting, that is to say, the destruction of the silk by weight¬ 
ing must occur in the storage. From this result the announcement 
*‘Tlie tin-weighting of the silk will make it less liable to become 
dirty.” seems to be reasonable. 


Content of Vitamin C in Canned Satsuma Orange 
(Citrus unshiu, Marc.) 

A preliminary report. 

By 

R. Saito. 

(Received February 4, 1933) 

1. Introduction. 

Un8hiu (Satsuma orange)-a principal mandarine of Japan, also palatable 
and nutritious, is liable to be infected with mould when it is preserved for a 
long period. This defect can adequately be removed through canning, which 
is a recently developed industry in this country. 

There are now two different methods in canning: The one consists in 
treating the peeled orange with caustic alkali to dissolve the envelope of 
segments out, the other with acid instead of alkli. The latter so-called 
“acid process”, was invented by B. Hamaguchi in the Institute of Dietary 
Science, Agricultural Department of Tokio Imperial University, and recently 
improved thoroughly (Jap. pat. No. 95669). The author estimated vitamin 
C content in Satsuma orange which was canned by the “acid process”. 

2. Process of Canning (Acid process). 

From peeled orange each segment is detached and immersed in. 10 per- 



Nos. 1—3] 


29 


cent hydrochloric acid at 90°C, After 30-^40 sec., when the pectinous 
substance forming the wall of segments is almost decomposed into the pecti- 
nic acid, it is drained and washed with water. The mass of vesicles is then 
put into a concentrated solution of salts in which the remaining hydrochloric 
acid can be diffused out by osmotic action. By few hours' washing with 
clean water, traces of hydrochloric acid and salts can effectually be removed. 
A sugar solution of Be 26° is then poured on and they are packed and 
sterilized for 10 min. at 100°C. 

3. Chemical composition of Citrus unshiu. 

The fresh orange used for the canning, is Citrus unshiu produced in 
Shizuoka District. The chemical composition of the fresh fruit is as follows: 
(the rind is taken off, pressed, filtered and analysed.) 



Total sugar in 

Reducing sugar in 

Free acid as citric 


100 c.c. gr. 

100 c.c. gr. 

% 

in fresh juice of orange 

7.133 

2.345 

1.10 

1 


The content of each can of the orange, here reffered, is as follows : 


Total content 


Fruit flesh 

!Sugar solution 

327 gr. 


224 gr. 

98 c.c. 


The chemical composition of the above is given below. 


- 


Specific gravity 

Total Sugar in 
100 c.c. gr. 

Reducing sugar 
in 100 c.c. gr. 

Free acid as 
citric % 

3 days after. 

Flesh 

— 

J 2.725 

4.100 

1.18 

canning 

Sugar soln. 

— 

19.325 

4.275 

0.59 

47 

it 

Flesh 


17.100 

i 

7.075 

0.92 


if 

Sugar soln. 

— 

17.100 

7.075 

0.69 

80 

if 

Flesh 

“1.061 

1.062 

— 

— 

— 


if 

Sugur soln. 

1.062 

1.063 

— 

— 

— 

360 

tt 

Flesh 

— 

8.750 

5.750 

0.76 


ff 

Sugar soln. 

— 

8.750 

5.750 

| 0.76 


4* Animal Experiment. 

.As animals for this purpose, guinea-pig weighing about 250 grms. were 
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used. The author used a basal diet of oats and wheat bran with milk (50 c.c. 
per head per day) autoclaved at 120°C for one hour and supplemented with 
5-^6 drops of cod-liver oil. % 

The samples tested were prepared by filtering the pressed juice of can¬ 
ned orange (the mass of vesicles) which had been packed three months ago 
(from 100 grs. of the mass of vesicles 70^75 c.c. of pressed juice was obtained). 
Preliminary feeding period lasted 7^17 days, during which the above basal 
ration was supplemented with cabbege. Throughout the tests male were used, 
(a) Preventive experiment. 

The following table shows the result when 5^8 c.c. of pressed juice of 
the canned orange (mass of vesicles) were given per day. 


No. 

Pressed” juice 
given, c.c. 

Days of 
experiment 

Body weight of animal 

Symptom ot 
Scurvy 

at the begin¬ 
ning of test 

| maximum 

after the test | 

2 

0 

23 

268 

320 

198 

severe 

10 

0 

28 

259 

304 

211 

— 

3 

5 

58 

241 

436 

423 

no 

4 

5 

58 

284 

304 

299 

// 

5 

8 

58 

282 

465 

454 

n 

6 

8 

58 

281 

394 

359 

rt 

7 

8 

58 

244 

443 ' 

436 

it 


The data obtained in this experiment show that 5 c.c. per day is suffici¬ 
ent to prevent a guinea-pig from scurvy. In the course of this test no sym¬ 
ptom of scurvy could be recognized, while the control animals fed solely on 
vitamin C free diet, showed clearly the symptoms of scurvy even after 12 
days. Decline of body weight occurred and death followed soon after. On 
post-mortem examination all the sign of scurvy were fully recognized. 

(b) Curative experiment. 

After feeding two guinea-pigs on vitamin C free basal diet, when the 
symptom of scurvy was distinctly observed, 10 c.c. of the pressed juice of the 
canned orange (mass of vesicles) were administered. One recovered from the 
desease, gaining body weight rapidly and the sign of complete recovery was 
also anatomically affirmed. The experimental result is as follows: 


No. 

Days of feed¬ 
ing on vita- 

Days of 
pressed juice 
given 

Body weight of Animal 

Symptom of 

min C free- 
diet 

Before test 

at Beginningl 
of test | 

after test 

Scurvy 

1 

19 

31 

277 

224 

188 

slightly 

8 

% 17 

40 

241 

228 | 

359 

— 
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5. Summary. 

(1) Canned mandarine orange [Citrus umhiu) contains rich amount of 
vitamin C equalling to more than 1/3 of fresh lemon or orange juice. 

(2) According to Dr. R. Fujimaki, (V) fresh Umhiu contains about 3/8 of 
vitamin C of fresh lemon juice and Y. Iwasaki C2) c.c. of fresh 
juice of Unshiu is sufficient to cure a gninea-pig of scurvy. 

(3) From these investigations, the author will maintain that vitamin C 
content in fresh Unshiu can hardly be affected by canning where 
acid process be usd. This result coincides well with DelPs 00 ex¬ 
periment on the vitamic C content of canned orange. 

The author wishes to express his best thanks to Dr. U. Suzuki for the 
guidance of this work and also to Mr. K. Murai for his assistance. 
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Investigation on the Influence of Aerial-Earth 
Circuit on the Biological Activities. 

I. Influence on Azotobacter chroococcum. 

By 

Arao Itano, Ph. D. 

(Received February 6, 1933) 

The influence of aerial-earth circuit on the biological activties was in¬ 
vestigated, and as the first report, the results obtained with Azotobacter 
chroococcum are presented in this paper. 

The term “aerial-earth circuit” is employed here to designate the circuit 
between the atmosphere and the earth. 

Hitherto the most biological investigations have been undertaken in¬ 
dependent of the aerial-earth circuit or in other words, under the insulated con¬ 
dition. It is especially true with those concerned the microorganisms. Under the 
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usual laboratory conditions, the micoorganisms are insulated from the aerial- 
earth circuit so that the results obtained through such the procedure may 
not be the same as those in the closed circuit. Again it seems to be more evi¬ 
dent in cases of the soil microorganisms whose habitat is the soil where the 
influence of such circuit as well as the earth potential is presumably marked. 

In view of these considerations, it was attempted to ascertain experimen¬ 
tally the influence of the aerial-earth circuit first on Azotobacter chroococcum 
which is well known organism for its interesting physiological activity, namely 
the fixation of atmospheric nitrogen. 

Experimental Procedure. 

An acclamatized, young culture of Azotobacter chroococcum in Ashby’s 
liquid medium was used to inoculate six flasks out of eight Erlenmyer flasks 
(250 c.c. volume) which contains 100 c.c. af Ashby’s medium of the following 
properties, shown in Table I and II, in each, and the flasks were treated as 
described below: 


Table I. Chemical Properties of Ashby’s Liquid Medium. 


Composition 

Quantity 

Mannitol CQH 8 (OiI) 6 ] 

10.0 g. 

Magnesium sulfate (MgS0 4 *7H 2 0) 

0.2 

Mono-potassium phosphate (KH 2 P0 4 ) 

0.2 

Sodium chloride (NaCl) 

0.2 

Calcium sulfate (CaS0 4 »2ff2^) 

0.1 

Calcium carbonate (CaCO s ) 

5.0 

Distilled water 

1,000.0 c.c. 


Table II. Physical Properties of Ashby’s Liquid Medium. 


Properties 

Values 

PH 

7.40 

Specific gravity 

1.0077 

Viscosity 

0.98984 

Specific conductance 

0.00074 

Surface tension 

79.559 (dynes per sq. cm.) 

Osmotic pressure 

2.069 


No previous record in regard to the physical properties of the medium 
is found so that they were determined realizing their significance in this 
investigation.^ 

The flasks in the series were treated as follows: 
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Flask I. Two platinum electrodes (1.6 x 2.0 cm.) were inserted in the me¬ 
dium, and one of them was connected to an aerial antenna of 
twelve meters long and the other was earthed by a main water 
pipe. After the medium was inoculated with 1 c.c. of 48 hours 
old culture, the flask was kept in an incubator at 30° C. 

Flask II. Same as Flask I except it was not inoculated with the organism, 
and served as a control for Flask I in regard to the nitrogen 
fixation. 

Flask III. Same as Flask I except no earth connection was made. 

Flask IV. Same as Flask I but no connection to the antenna was made. 

Flask V. Same as Flask IV but only one electrode was inserted and 
earthed. 

Flask VI. Same as Flask IV except no earth connection was made. 

Flask VII. Same as Flask VI without insertion of any electrode. 

Flask VIII. Same as Flask VII without inoculation, serving as the nitrogen 

control under the normal condition. 

These arrangements are illustrated diagrammatically as follows: 


Diaq Arrangement. 



At the end of every 24 hours, with a few exceptions, the following 

observations were made : - 

1. Macroscopical observations; 

a) The turbidity of culture. 

b) The formation of surface membrane, 

2. Microscopical observations; 

a) The morphology of individual cell especially in regard to the cell 
division. 

b) The count of total cells was made by the use of hemocytometer 
and with a specially made cover glass in combination with Breed's 
ocular disc. 

3. Nitrogen determination; 

At every five days intervals, the nitrogen was determind by Pregel's 
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micro-Kjeldahl method in the course of growth, and the final determination 
was made by the macro-Kjeldahl method for the total nitrogen. 

Results. 

1, Macroscopical observations 

The macroscopical observations were made up to the tenth day as to the 
turbidity and the surface membrane, and the results together with some 
microscopical observations are given in Table III, 

Table III. Macroscopical and Microscopical Observations. 


Number of 
Hours. 


Number of Flasks. 



T 

-H- 

r 

’ _ 

T 

+ 

T 

+ 

T 

+ 

T 

+ 

T 

+ 

T 

_ 

24 

M 

-H- 

A 

I - 

M 

db 

M 

-f 

M 

+ 

M 


M 

dr 

M 

[ — 

Y 

-H- 

\ 

r — 

Y 

+ 

Y 

+ 

Y 

+ 

Y 

+ 

Y 

+ 

Y 

— 


p 

— 

F 

’ — 

P 

— 

P 


P 

— 

P 

— 

P 

— 

P 

— 


T 

Hf 

T 1 


T 

4f 

T 

-H- 

T 

Hf 

T 

Hf 

T 

Hf 

r l 


48 

M 

Hf 

M | 

| ibid. 

M 

+ 

M 

Hf 

M 

Hf 

M 

+ 

M 

+ 


| ibid. 

Y 

-H- 

v i 

Y 

+ 

Y 

Hf 

Y 

Hf 

Y 

+ 

Y 

+ 

Y 1 


P 

— 

P J 


P 


P 

— 

P 

- 

P 


P 

— 

P J 



T 

-Hf 

T) 

1 

T 

Hf 

r r 

Hf 

T 

Hf 

T 

Hf 

T 

Hf 

f i 


72 

M 

•Hf 

m| 

\ ibid. 

M 

Hf 

M 

Hf 

M 

Hf ! 

M 

Hf 

M 

Hf 

M | 

| ibid. 

Y 

•Hf 

Y 1 

Y 

Hf 

Y 

Hf 

Y 

Hf 

Y 

Hf 

Y 

Hf 

Y 1 


P 

— 

p J 

1 

1 P 

— 

P 

- 

P 


P 

— 

P 

— 

P J 



T 

■Hfr 

T ] 


T 

Htf 

T 

Htt- 

T 

HH 

T 

•Hf 

T 

■Hf 

T 1 


96 

M 

■fflf 

M 

| ibid. 

M 

Hf 

M 

Htt- 

M 

Hf 

M 

Hf 

M 

Hf 


| ibid. 

Y 

■m 

Y 1 

Y 

Hf 

Y 

Htt- 

Y 

-Hf 

Y 

Hf 

Y 

Hf 

Y 1 


P 

— 

P J 


P 

— 

P 

— 

P 

— 

P 

— 

P 

— 

P 1 



T 

m- 

T 1 


T 

Htt- 

T 

Hf 

T 

Hff 

T 

-Hf 

T 

-Hf 

T 1 


120 

M 

■m 

M 1 

| ibid. 

M 

Hf 

M 

■Hf 

M 

-Hf 

M 

Hf 

M 

Hf 

m! 

| ibid. 

Y 

HHf 

Y 1 

Y 

Hf 

Y 

■Hf 

Y 

fHf 

Y 

Hf 

Y 

Hf 

Y I 


P 

— 

P J 


P 

+ 

P 

+ 

P 

+ 

P 

+ 

P 

+ 

p 1 



(Missed one day) M[| ibid. M I , M1 ibid. M 1 ibid. M 1 ibid. M 1 ibid. M1 ibid. M I . 
168 VJ Y[ ,b,d -Yj Yj Y / Y) Y.j Y } lbl 

P± PJ P-H- P-H- P -H- P-H- P-H- Pi 

, no M ] ibid. M I .... M 1 ibid. M ] ibid. M 1 ibid. M1 ibid. M } ibid. M1 ... 

192 y ) Y ,b,d Yj YJ yI YJ Y i Y | ,bl 


P -Hi- p -H- P-H- P -H- P-H- 
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NotesT ; turbidity, M : membrane, Y : young, growing cells. P : pleomorphic cells. (The cells 
were observed through the microscope, while the count was made.) 
db : doubtful. — : no change or none, + ; slight or few. : marked or many. -Hf.; 
heavy or numerous. -Hfl-: very heavy or numerous. 

Table III indicates that Flask I became turbid sooner than the rest, and 
those flasks which were earthed became more turbid than Flask VII which is 
the normal control. The formation of the surface membrane was in the same 
order as the turbidity. These results indicate plainly that the completion of 
circuit has a marked influence and also the earthing alone has a very bene¬ 
ficial influence on the growth of Azotobacter chroococcum. The stimulation 
effect was observed after 24 hours and at the end of 48 hours, the difference 
was noted very plainly. 

2. Microscopical observations 

The total number of cells was counted directly by means of microscope 
so that the morphological description of an individual cell was made at the 
same time. The results are given in Table IV while the conditions of cells 
were already noted in table III. 


Table VI. Growth of Azotobacter chroococcum at Different Age. 


Number of 

Number of Flasks. 

hours. 

I I 

II 

Ill 

IV 

V 

VI 

VII 

Mil 

Initial. 

366* 

- 

366* 

366* 

366* 

366* 

366* 


24 

12.112 

- 

5.746 

6.288 

5.887 

5.112 

5.232 


48 

35.211 

1 

12.154 

21.408 

23.183 

13.883 

12.957 

- 

72 

38.028 

- 

18.352 

24.873 

28.535 

18.197 

17.549 

- 

96 

44.028 

- 

20.985 

28.676 

29.661 

20.197 

19.605 

- 

120 

45.915 

- 

26.662 

30.140 

30.028 

27.323 

26.000 

- 


Notes:- * Number of organisms per c.c. in thousand. 

Table IV indicates that the growth of Azotobacter chroococcum was 
influenced markedly by closing the circuit or earthing alone. The count 
after five days remained practically constant and the pleomorphic cells began 
to appear in some of the flasks making the correct counting difficult so that 
no further record is given after that. Flask I exceeded all the rest and 
Flask IV and V were much better than Flask III, VI and VII which were 
very similar. The stimulation began to show its influence after 24 hours. 
Also as it was noted in Table III, the young, multiplying cells were most 
numerous in Flask I throughout the investigation and the pleomorphic cells 
began to appear later than the rest, which seems to indicate that the closed 
circuit stimulates the cell metabolism. Again Flasks IV and V were better 
* than the others in this respect, indicating that the earthing alone had some effect. 








3. Physiological observation 

Although the nitrogen determinations were made at every five days in¬ 
tervals by PregePs micro-Kjeldahl method, here only the results obtained at 
the end of fifteen days by the ordinary Kjeldahl method for the total nitrogen 
will be given in Table V. 


Table V. Quantity of Nitrogen fixed. 


Number of flasks. 

Total uitrogen fixed in fifteen 
days per 100 c.c, of medium. 

I 

4.099 mg 

II 

— 

III 

2.830 

IV 

3.339 

V 

3.309 

VI 

2.680 

VII 

2.724 

VIII 

— 


Table V indicates that much greater amount of nitrogen viz. more than 
one and one half times of the normal control, was fixed in Flask I where the 
aerial-earth circuit was closed, and even the earthing alone fixed much more 
than the normal control. The connection only to the antenna did not show 
any difference, as shown by the result in Flask III. 

Discussions. 

The nature of the stimulation which was observed in this investigation 
may be electrical in nature, but no previous investigation was undertaken in 
regard to this phase of problem so far as the author is aware. The previous 
investigations which are concerned with the influence of electricity upon the 
microorganism as well as other organisms, seem to confine themselves, at 
least experimentally to electricity applied directly to the organisms, either 
galvanic or static form, and the influence observed by them may be con¬ 
sidered as electro-chemical or the secondary influence in most cases. 

The amount of electric current which passes through such a system as 
used in this investigation is governed primarily by the conductivity of the 
culture medium as well as the dielectrics of the system, and it must be a 
very small amount judging from the physical properties of the medium. No 
attempt however was made at this time to measure the current since it is 
very difficult to determine it accurately owing to the continuous change in 
the culture medium as the growth of the organism progresses as well as the 
irregularity of the atmospheric charge and the earth potential. 
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Since the physical properties of calture medium seem to have the great 
influence upon the physiological activities of organisms, they should receive 
more attention in the physiological investigation than ever before as well as 
the physical ecological factors. 

Summary. 

The influence of aerial-earth circuit on Azotobacter chroococcum was 
investigated by cultivating it in the closed aerial-earth circuit, connecting it 
either to the antenna or to the earth, and comparing the results against the 
normal control which was grown under the ordinary laboratory condition. 
From the results obtained, the following summary may be made : 

(1) In the closed aerial-earth circuit, Azotobacter chroococcum was 
influenced markedly both culturally and physiologically. Its growth 
was more vigorous and fixed much more nitrogen than the rest. 

(2) Connection to the antenna alone did not have any influence. 

(3) Connetion to the earth alone exerted better influence but was not so 
great as in the case of the closed circuit. 

The principle underlying this investigation seems to be far reaching, 
scientifically as well as practically, and further investigations with various 
microorganisms are in progress. 


Studies on The Proteins Contained in Mulberry Leaves. 

Part I. On the Kinds of the Protein-Nitrogen Contained in 
Mulberry Leaves, and the Comparison of the 
Quantities of the Protein-Nitrogen Contained in 
Different Parts of the Mulberry Tree. 

By 

Yukitaro Kishi. 

(From the Katakura Research Instilvie of Mulberry Culture , near Jfachwji City , Japan ) 
(Received February 10, 1933) 

Resume. 

(1) I made the following studies concerning the proteins contained in 
mulberry leaves, from the view-point of a student of mulberry culture. 
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(2) First of all, I tried to estimate the quantities of the proteins contained 
in mulberry leaves by ordinary method—a method usually practised in esti¬ 
mating the comparative quantities of the proteins contained in vegetable seeds. 
The method*, as 1 adopted, is as follows 

First, the leaves are extracted with distilled water; 

Next, the residue left after treatment with distilled water is extracted 
with 10% solution of sodium chloride ; and 

Then, the residue left after treatments with distilled water—>10% 
solution of sodium chloride is extracted with 70% alcohol; and 

Finally, the residue left after treatments with distilled water —>10% 
solution of sodium chloride —> 70% alcohol is extracted with 
0.2% solution of sodium hydroxide. 

Now, the total quantity of the proteins thus extracted with the above- 
mentioned solvents was found to be smaller than the total quantity of all the 
proteins naturally contained in the mulberry leaves. I knew, therefore, that 
a large amount of proteins remained insoluble in these solvents and that they 
were retained in the residue. 

Then, I treated this residue with 60% boiling alcohol containing 0.3% 
of sodium hydroxide (1) , and thus succeeded in extracting nearly all the pro¬ 
teins retained in the residue, i. e. the protein corresponding in quantity to the 
greater half of the total quantity of all the proteins naturally contained in the 
mulberry leaves. 

(3) Thus, first estimating the quantities of the proteins by examining 
the results of the treatments with distilled water—>10% solution of sodium 
chloride —> 70% alcohol —0.2 % solution of sodium hydroxide, in order; and 
next, treating the residue left after these treatments, by Osborne, Wakeman 
and Leavenworth’s method, i. e. with 60% boiling alcohol containing 0,3% 
sodium hydroxide, in this way estimating the quantity of the protein thus 
extracted,—I have proposed, from the view-point of a student of mulberry 
culture, a method of estimating the comparative quantities of the proteins 
contained in mulberry leaves. 

I also found, after estimating what is generally considered the total 
quantity of the proteins contained in the mulberry leaves by Stutzer’s method, 
that there always still remained, in the filtrate obtained, no small amount of 
a protein that could be precipitated by half or complete saturation with 
ammonium sulphate ; so I took the step to precipitate this remaining protein 
by complete saturation with ammonium sulphate. This precipitate I again 
dissolved in distilled water; next, by dialysis, I removed the ammonia from 
this proteinaceous liquid ; and then, I estimated the quantity of the nitrogen 
contained N in this liquid. 

* Osborne, Waffeman and Leavenworth: J. of Biol. Chem. 49, 63, 1921i 
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In this way, I also estimated the comparative quantities of the proteose 
contained in the filtrate which was prepared for the purpose of estimating the 
total quantity of the proteins contained in the mulberry leaves by Stutzer’s 
method. 

(4) Using the same method, I also estimated the comparative quantities 
of various kinds of protein-nitrogen contained in different parts of the mulberry 
tree, i. e. its leaves, its stems, its roots, its seeds, and its sap (the white 
milky juice that oozes out from the leaf-stalks where they are cut off). 

Nearly all the proteins contained in the seeds were found to be amenable 
to the treatments** with watersodium chloride—► alcohol-*sodium hydroxide, 
in order. 

With the roots, the results were nealy similar to the results with the seeds. 

With the sap, the results were similar to the results with the seeds. 

In other words, the proteins contained in the preservatory organs, and 
the translocating and flowing proteins, were found to be identical with the 
abovementioned proteins extracted by means of water —► sodium chloride —» 
alcohol —► sodium hydroxide, in order. 

Among these proteins, globulins predominated ; and in the seeds and 
roots, glutei ins came next to globulins, and were also found in great quantity. 

On the contrary, the proteins contained in the leaves presented quite a 
different phenomenon, as has been referred to in (2). In this respect, the 
stems resembled the leaves more than the roots resembled the leaves, i. e. 
the total quantity of the proteins that could be extracted by means of water 
—> sodium chloride —> alcohol —> sodium hydroxide, in order, was found to be 
about equal to the quantity of the protein that could be extracted from the 
residue thus obtained, with 60$6 boiling alcohol containing 0 &o/ 0 of sodium 
hydroxide. 

Now, considering the results of these experiments to estimate the com¬ 
parative quantities of the proteins contained in different parts of the mulberry 
tree by a method proposed from the view-point of a student of mulberry 
culture, I prepared the following table, which gives in ratios the quantities 
of protein-nitrogen estimated in various ways, as against 100 of the total 
quantity of all the protein-nitrogen estimated by Stutzer's method. The 
figures in this table are based on the results of experiments on fresh materials. 


Protein-njtrogen examined in various ways. 

Leaves. 

Seeds. 

Sap. 

Stems. 

Roots. 

Total quantity of all potein-nitrogen in 
materials, as estimated by Stutzer's method. 

100 

100 

•100 | 

100 

100 


** The condensed note of the treatments (* ) was mentioned on p. 38: and so forth; etc. 
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Nitrogen precipitated with cupric hydroxide 
in solution extracted by distilled water.-.0 

15.12 

11.00 

88.76 

19.94 

26.52 

Nitrogen precipitated by saturation with 
magnesium sulphate in solution extracted 
by distilled water. 

12.77 

4.25 

85.47 

13.04 

19.49 

Nitrogen precipitated with cupric hydroxide 
but in capable of precipitation with ma¬ 
gnesium sulphate in solution extracted by 
distilled water. 

2.35 

6.75 

3.29 

6.90 

7.03 

Nitrogen extracted with solution of 

sodium chloride from residue left after treat- 
ment with distilled water..(2) 

7.46 

56.00 

4.22 

18.07 

22.15 

Nitrogen extracted with alcohol from 

residue left after treatments with water -► 
sodium chloride..@ 1 

4.41 

0.82 

0.85 

9 

9.00 

5.70 

Nitrogen extracted with 0.2^ solution of 
sodium hydroxide from residue left after 
treatments with waters sodium chloride 
alcohol..0 

5.01 

20.44 

1.63 

10.40 

15.49 

Total quantity of nitrogen extracted by 
four steps above, i. e. 0+©+®+®. 

33.39 

88.26 

95.47 

57.43 

69.87 

Nitrogen extracted with 60^ boiling alco¬ 
hol containing 0.3?£ sodium hydroxide, 
from residue left after treatments with water 

62.34 

7.60 

2.17 

42.16 

23.38 

-v sodium chloride -+ alcohol -*■ sodium hy¬ 
droxide. 






Nitrogen extracted from residue left after 
treatment with hot alkaline alcohol, by 
decomposing said residue with 75% hot 
hydrochloric acid. 

3.26 

3.01 

1.32 

1.11 

4.47 

Nitrogen contained in residue left after treat¬ 
ment with hot hydrochloric acid. 

0.56 

0 71 

0.31 

1.05 

1.43 


Next, for the purpose of comparing the total quantity of the proteins that 
could be extracted from different parts of the mulberry tree by means of 
water —► sodium chloride —> alcohol —> sodium hydroxide, with the quantity of 
the protein that could be extracted from the residue left after these treatments, 
by again managing this residue with the hot alkaline alcohol,—I prepared the 
following table, which gives in percentage the average quantities of these two 
types of proteins, based on the condensed results of experiments on various 
materials. The comparisons given in this table are twofold: on the one hand, 
the results of my experiments on various materials are compared with 100 
of the total quantity of the protein-nitrogen contained in these materials, as 
estimated by Stutzer's method; and on the other hand, the same are compared 
with 100 consisting of the total quantity of the protein-nitrogen as estimated 
by Stutzer's method, plus the quantity pf proteose-nitrogen contained in the 
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filtrate left after the experiments by Stutzer’s method. 


Materials experimented on. 

^ ^ _,.- Methods of estimation 

An against 100 of total quantity of 
protein-nitrogen contained in ma¬ 
terials, as estimated by Stutzer’s 
method. 

As against 100 consisting of total 
quantity of protein-nitrogen con¬ 
tained in materials, as estimated 
by Stutzer's method, plus quantity 
of proteose-nitrogen contained in 
filtrate left after experiments by 
Stutzer’s method. 

Total quantity of 
protein-nitrogen 
extracted with 
waier -* sodium 
chloride -* alco¬ 
hol -* sodium hy¬ 
droxide. 

Quantity of pro¬ 
tein-nitrogen ex¬ 
tracted with hot 
alkaline alcohol, 
from residue left 
after treatments 
with water-*so¬ 
dium chloride-* 
alcohol-* sodium 
hydroxide. 

Total quantity of 
protein-nitrogen 
extracted with 
water -* sodium 
chloride -* alco¬ 
hol -* sodium hy¬ 
droxide. 

Quantity ot pro- 
lein-nitrogen ex¬ 
tracted w th hot 
alkaline alcohol, 
from residue 1 ft 
after treatments 
with water-* so¬ 
dium chloride-* 
alcohol -* sodium 
hydroxide. 

Liaves. 

33.30 

62.34 j 

34.72 

61.10 

Stems. 

/Average for va-> 
1 rious stems ex- 
\perimented on. > 

i 

47.67 

46.58 

49.41 

45.06 

Roots. 

✓Average for va-> 
1 rious roots ex- 
Vperimented on. > 

i 

60.78 

30.35 

i 

62.28 

i 

29.20 

Sap. 

/i. e. white mil-\ 
ky juice that 
oozes out from 
leaf-stalks whe¬ 
re they are cut 
'off, ‘ / 


95.47 

2.17 

95.99 

1.92 

i 

Seeds. 

88.26 

7.60 88.55 

7.41 


(5) After solving with the hot alkaline alcohol the residue of the mul¬ 
berry leaves that was left after the treatments with water —* sodium chloride —* 
alcohol —> sodium hydroxide, I also estimated the quantity of the phosphorus 
contained in this solution. The quantity of the phosphorus was far smaller 
than even the quantity of the protein contained in the same solution. 

Also, after thus solving with the hot alkaline alcohol the residue of the 
mulberry leaves that was left after the treatments with water —> sodium chlo¬ 
ride —► alcohol —> sodium hydroxide, I always noticed fhat the solution bore 
a tinge of yellow colour. I am inclined to believe that this was caused by 
the presence of a flavone-like pigment. 
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(6) To sum up, a great part of the total quantity of all the proteins 
containe in mulberry leaves consists of a peculiar proteins, which are retained 
in the residue left after treatments with water —* sodium chloride alcohol 
—* sodium hydroxide, in order, and are soluble in the hot alkaline alcohol. 
In other words, the proteins contained in mulberry leaves have many points 
of difference from the proteins contained in vegetable seeds which have been 
studied hither to by many workers. 


Part II. Concerning the Quantitative Changes of the Proteins 
Contained in Mulberry Leaves, as Considered 
with Relation to the Growth of these Leaves. * 

Resume. 

(1) I made the following studies concerning the quantitative changes of 
the proteins contained in mulberry leaves, as considered with relation to the 
growth of these leaves, using the same methods as used in my studies in 
Part I. 

(2) The quantity of each protein contained in the mulberry leaves, calcu¬ 
lated in dry leaves, was found to decrease with the growth of the leaves, in 
proportion as the total quantity of all the proteins contained in the same leaves, 
calculated in dry leaves, decreased with the growth of the leaves. In other 
words, if the total quantity of all the proteins contained in the leaves is taken 
as 100, it was found that the ratios of the total quantities of those proteins 
that could be extracted with water —* sodium chloride —> alcohol —> sodium 
hydroxide, in order, fell with the growth of the leaves. But, on the contrary, 
if the total quantity of all the proteins contained in the leaves is 100, the 
ratio of the quantity of the protein extracted with the hot alkaline alcohol, 
from the residue of the leaves left after the treatments with water —* sodium 
chloride —► alcohol —> sodium hydroxide, in order, was found to increase with 
the growth of the leaves. 

Now, if the total quantity of the proteins extracted with water -> sodium 
chloride —* alcohol —* sodium hydroxide, in order, is taken as 100, the ratio 
of the quantity of the protein extracted with the hot alkaline alcohol, from 
the residue left after the aforementioned treatments, rose considerably with 
the growth of the leaves, as set forth in the following table 



Very young 
leaves. 

Young leaves. 

Mature leaves. 

Overmature 

leaves. 

Total quantity of protein-nitrogen 
extracted with water-*sodium chlo¬ 

100 

100 

100 

100 

ride-* alcohol -*gpdium hydroxide. 
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Quantity of protein-nitrogen extracted 
with hot alkaline alcohol, from re¬ 
sidue left after treatments with wa¬ 
ter -* sodium chloride -* alcohol -* 
sodium hydroxide. (As compared 
with the foregoing.) 

442 

470 

607 

721 

Total quantity of protein-nitrogen ex¬ 
tracted with water-*sodium chloride 
-►alcohol-*sodium hydroxide, plus 
quantity of proteose-nitrogen con¬ 
tained in filtrate left after experi¬ 
ments by Stutzer's method. 

100 

100 

100 

100 

Quantity of protein-nitrogen extracted 
with hot alkaline alcohol, from re¬ 
sidue left after treatments with wa¬ 
ter-* sodium chloride-* alcohol-* sodi¬ 
um hydroxide. (As compared with 
the foregoing.) 

! 

360 

405 

514 

614 


(3) To sum up, not only the total quantity of the proteins contained in 
mulberry leaves, calculated in dry leaves, decreased with the growth of these 
leaves, but also, the ratio of the quantity of the protein extracted with the 
aid of the hot alcohol from the residue left after the treatments with water—* 
sodium chloride —* alcohol —► sodium hydroxide, to the total quantity of the 
proteins extracted with water —► sodium chloride —► alcohol —* sodium hydroxide, 
rose considerably with the growth of these leaves. These phenomena show 
that the proteins contained in mulberry leaves undergo great change in quality 
as these leaves grow. 


Part III, On the Relations in Quantity of the Proteins Con¬ 
tained in the Silkworm-Body and in Silk, to the 
Proteins Contained in mulberry Leaves, as Exa¬ 
mined in Silkworms Fed on mulberry Leaves in 
Various Stages of Growth. 

Resume. 

(1) I stated in Part II that the proteins contained in mulberry leaves 
undergo great change in quality with the growth of these leaves. That 
is to say, if the total quantity of all the proteins contained in the leaves 
is taken as 100, the ratios of the total quantities of those proteins 
that could be extracted with water —* sodium chloride —► alcohol —* sodium 
hydroxide, in order, were found to fall with the growth of the leaves; while, 
‘on the contrary, the quantity of the protein extracted with the hot alkaline 
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alcohol from the residue of the leaves left after the treatments with water—► 
sodium chloride —» alcohol —> sodium hydroxide, in order (this protein occupies 
a good half of the total quantity of all the proteins contained in mulberry 
leaves), were found to increase with the growth of the leaves; also, if the 
total quantity of the proteins extracted with water —* sodium chloride —► alco¬ 
hol—► sodium hydroxide, in order, is taken as 100, the ratio of the quantity 
of the protein extracted with the hot alkaline alcohol, from the residue left 
after the aforesaid treatments, was found to rise considerably with the growth 
of the leaves. 

Now, here in Part III, I made the following studies concerning the pro¬ 
teins contained in mulberry leaves and the culture of silkworms qn mulberry 
leaves in various stages of growth. 

(2) The weight of the silkworm-body, and the ratio of the quantity of 
the proteins contained in either the fresh or the dry silkworm-body, to the 
constant weight of the body, were always found to be larger if the silkworm 
had been fed on young leaves than if fed on mature leaves; and larger again 
if fed on mature leaves than if fed on over-mature leaves ; that is, larger if 
fed on less matured leaves than if fed on more matured leaves. Consequenty, 
of the proteins contained in the bodies of a hundred silkworms that had been 
fed on less matured leaves, was always found to be larger than the absolute 
quantity of the proteins contained in the bodies of any other hundred silk¬ 
worms fed on more matured leaves. Also, the weight of the silk-gland of 
the silkworm, and the ratio of the weight of the silk-gland to the gross 
weight of the silkworm-body, were found larger if the silkworms had been 
fed on less matured leaves than if fed on more matured leaves. The weight 
of the cocoon (as examined in groups of 100 cocoons), and the ratio of the weight 

of the cocoon-silk to the gross weight of the cocoon ( = ~ e —*-—^ °° n - . Sllk x io(A 

° D y gross weight of cocoon J } 

were found larger in the same way as the foregoing. Conseqently, the 
absolute weight of the silk taken from a hudred silkworms that had been fed 
on less matured leaves were found heavier than the absolute weignt of the 
silk taken from any other hundred silkworms fed on more matured leaves. 

To sum up, the quantity of the proteins contained in the silkwoam-body 
and in cocoon silk were always found to increase in proportion to the degree 
of immaturity of the mulberry leaves used in feeding the silkworms. 

The writer of these pages wishes to express his sincere gratitude to 
Professor Dr. Y. Okuda for his kind advice throughout these works (Part I, 
Part II and Part III), 
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Isolation of Citrullin, <5-Carbamido-Ornithin, from 
the Tryptic Digestion Products of Casein. 

By 

Mitsunori Wada. 

(Agricultural Chemical laboratory , Tokyo fmperial University , Komaba , Tokyo,) 

(Received February 13, 1933) 

Two years ago, (l:> the author has isolated a new amino acid, Citrullin, from 
the pressed juice of water melon, Citrullus vulgaris, Schrad. and proved it to 
be 5 -carbamido-ornithin, represented by the following formula: 

NH,-CO-NH. ClI,CH 2 CH 2 CH(NIL)COOH. 

This formula was further confirmed by the synthesis. 

Since then, the author has tried to isolate this substance from the hydrolytic 
products of proteins and studied its behaviour toward acids and alkalies and 
observed that it is converted to prolin when heated with concentrated acids, 
while by the action of dilute alkali it is turned into ornithin, carbamino group 
being splitting off. These facts indicate that citrullin can not exist as such in 
the acid- or alkaline hydrolytic products, so the author investigated the en¬ 
zymatic digestion products of proteins. In the first experiment when casein 
was digested with trypsin in a 0.2 96 Na-carbonate solution, citrullin could 
not be isolated and instead of it, ornithin was obtained in fairly good yield. 
In the next experiment, however, when the digestion was carried out in a 
neutral solution for 30 days, citrullin was really isolated as copper salt, from 
which the free acid was regenerated and proved to be identical with the 
natural product, obtained from water melon. The isolation process was 
nevertheless very tedious and the yield was far smaller than it was expected. 
In the third experiment, the method was much simplified and the yield was 
somewhat better. Still better result is now expected by the tryptic digestion in 
dilute ammoniacal solution. The details of which will be reported later on. 

Experimental 

1 . Tryptic digestion of casein in a 0 . 2 ^ sodium carbonate solution. 

470 g. commercial casein were rubbed in a mortar with water, neutralised 
with Na 2 C 0 3 , brought in a large flask, diluted with water to 2 liters and so 
much anhydrous sodium carbonate was added until it reaches 0.2^6 of the 
liquid and after adding 2.5 g. trypsin (Merck) and 10 ccm. toluol, the flask 
was kept at 37 ° with frequent shaking. From time to time the reaction was 
-tested with congo paper and so much sodium carbonate was added until 
the paper turned red. After 30 days when the solution became yellowish 



46 


[Vol. 9 


brown and white crystalline cluster deposited at the bottom, it was filtered, 
neutralized with sulphuric acid, evaporated to 500 ccm., acidified with sulphuric 
acid and treated with phosphotungstic acid. The precipitate formed thereby 
was collected by suction, dissolved in 50# acetone, decomposed with baryta 
in. usual way and the filtrate containing free bases was treated with 30# 
silver nitrate and baryta until no more precipitate was formed, filtered off and 
the filtrate i.e. the lysin fraction was freed from silver and baryta by sulphuric 
acid and hydrogen sulphide respectively, evaporated to 400 ccm., acidified 
with sulphuric acid and once more precipitated with phosphotungstic acid. 
The free bases regenerated from this precipitate were converted into picrates, 
which were revealed to be the mixture of ornithin and lysin. By treating the 
above picrates with methyl alcohol, ornithin picrate was dissolved leaving 
lysin picrate as insoluble residue. The methyl alcoholic extract was now 
evaporated in vacuum, again treated with methyl alcohol to remove the little 
insoluble residue. After repeating this operation five times 49.9 g. ornithin 
picrate (ca. 3# of casein used) were obtained. It was converted into copper 
salt and analysed : 

7.198 mg. subst. 1.041 ccm. N 2 (757.6 m.m. 14°) = 16,88# N 

Calculated for ornithin copper =17.19# N 

2. Tryptic digestion of casein in neutral solution. 

500 g. commercial casein were rubbed in a mortar with water, adding 
sodium carbonate until neutral reaction was attained, the thick paste thus 
obtaind was brought in a large flask, diluted with 6 liters water and after 
adding 5 g. trypsin (Merck) and 10 ccm. toluol, the flask was kept at 37°, 
shaking from time to time. The acidity developed during the digestion was 
carefully neutralized with sodium carbonate. After two weeks the reaction 
became constant, so that the neutralization was no more necessary and greyish 
white crystalline cluster, consisting chiefly of tyrosin began to deposit at the 
bottom. After 30 days it was filtered and the yellowish brown filtrate was 
concentrated in vacuum to a small volume and treated with five times of its 
volume of methyl alcohol. The precipitate formed thereby was collected 
after 24 hours, dissolved in water and fractionally precipitated with silver 
nitrate and baryta. The last fraction obtained by adding an excess of baryta, 
consisted of a reddish brown precipitate giving the typical reaction of citrullin. 
It was treated with sulphuric acid and then with hydrogen sulphide to remove 
the baryta and silver completely, and after expelling off the hydrogen sulphide, 
the citrullin was isolated as the copper salt. The yield was 1.05 g. The 
free citrullin regenerated from the copper salt forms colourless long thin 
prisms, melting at 226°. In every respect it was identical with the natural 
product. It was dried at 100° and analysed: 
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5.648 mg. subst. 1.225 ccm. N 2 (757.5m.m. 28°)=23.64 96 N 
3.786 mg. subst. 5.661 mg. CO 2 = 40.78%C 2.595 mg. H 2 0 = 7.62% H 
Found C o/ 0 40.78 H% 7.62 N% 23.64 

Calc, for C 6 H 13 N 3 0 3 41.11 7.48 23.99 

The free base was again converted into copper salt and analysed : 

5.761 mg. subst. 1.008 ccm. N,(757,6 m.rn. 14.5°) = 20.36% N 
4.428 mg. subst. 5.533 mg. CO 2 =34.07%C 2.339 mg. H 2 0 = 5.86% II. 
Found C o/ 0 34.07 H% 5.86 N% 20.36 

Calc, for (C fi H 12 N 3 0 3 ) 2 Cu 34.79 5.84 20,31 

When citrullin was precipitated with silver nitrate and baryta as described in 
the above experiment and the precipitate was directly boiled with 5 ccm, 
hydrogen iodide for 8 hours, citrullin was converted into prolin. For the 
isolation of the latter, the boiled mixture was diluted with water, filtered and 
evaporated to expell off the HI, boiled with copper hydroxide, filtered, 
evaporated and treated with methyl alcohol. The copper salt of prolin 
obtained in this way was purified by recrystallisation, dried at 100° and 
analysed: 

5.184 mg. subst. 0.438 ccm. N 2 (759.3 m.m. 17°) = 9.75% N 
Calc, for prolin copper ^=9.87% N 

3. Formation of prolin from citrullin. 

The formation of prolin from citrullin by the action of strong acids is 
demonstrated in the following experiment: 

0.5 g. citrullin, isolated from water melon was boiled with three times of 
cone. HC1 for 8 hours under reflux cooler. After distilling off the hydrochloric 
acid in vacuum, the residue was dissolved in a little water and boiled with 
Cu(OH) 2 . The filtrate therefrom was evaporated and treated with ethyl 
alcohol, the soluble cupric chloride was filtered off, and the precipitate was 
washed with ethyl alcohol. It was easily soluble in water, but almost insoluble 
In methyl alcohol. In this way, the copper salt of prolin was obtained. 
After recrystallization, it was dried at 100° and analysed : 

3.030mg. subst. 0.270 ccm. N 2 (759,3m.m. 26°) = 9.89% N 
Calc, for prolin copper (C r) H 8 N0 2 ) 2 Cu = 9.87% N 

From the copper salt, free prolin was prepared, It was dissolved in ethyl 
alcohol and precipitated with ether, the precipitate thus obtained was again 
extracted with butyl alcohol, once more recrystallized from ethyl alcoholic 
solution by adding ether, dried at 100° and analysed : 

5.961 mg. subst. 0.659 ccm. N 2 (754.8 m.m. 25°) = 11.90% N 
Calc, for prolin C 5 H 9 N0 2 5 =12.18% N 

Heated in a capillary it begins to melt at 200° and decomposes at 220° : 
By fusion the characteristic odour of pyrrolidin is developed. 
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The author has further observed that ornithin is very resistant toward 
strong acids. Even by prolonged heating with cone, hydrochloric acid only 
a portion of it is converted into prolin. Further, the fact that ornithin is 
never formed by the acid hydrolysis of proteins indicates that it is not the 
primary decomposition products of proteins, so it is self-evident that prolin 
can not be derived from ornithin. 

As prolin is rather easily formed from citrulin by the action of acid it is 
more probable that during the acid hydrolysis, at least a portion of prolin is 
derived from citrullin, though it may also be formed as the primary product. 

Ornithin may be formed secondarily either from arginin or from citrullin 
during the alkaline hydrolysis or during the tryptic digestion of proteins. The 
author has further estimated the distribution of different amino acids according 
to the method of van Slyke in the acid and alkali hydrolytic products of 
proteins and found that the nonamino-N, i.e. the prolin fraction is always 
higher in the acid hydrolysis. This might be due to the formation of prolin, 
at least partly, from citrullin. 

D. Ackermann f2 ^ has recently reported on the formation of citrullin from 
arginin by the putrifying process. In the experiment of the present auther 
however no bacterial growth was observed during the tryptic digestion of 
casein, so it is evident that microorganisms has no casual relation with the 
formation of citrullin from proteins, but the question* whether citrullin might 
be formed from arginin by the action of trypsin, remains to be settled. For 
such a reason the author carried out the following experiment: 

2.752 g. arginin carbonate were dissolved in .27 ccm. water to which 0.1 g. 
trypsin (Merck) was added besides a little chloroform and toluol. After 
standing for 6 weeks at 37°, the solution was filtered and treated with 5.5 g. 
flavianic acid and a few drops of cone. HC1 and after warming for a short 
time, it was left for 24 hours when nice plate crystals of arginin flavianate 
separated out, which were collected by suction, washed with ethyl alcohol 
and dried in a vacuum desiccater. In this way 5.95 g. arginin flavianate, 
corresponding to 2.752 g. arginin carbonate were recoverd. As no citrullin 
could be detected in this case, it is evident that trypsin had no action upon 
arginin. 

Literature 

(1) M. Wada: P. I. A. 6, 15-17, 1930., Biocliem. Zeit., 224, 420—429, 1930. 

(2) 13. Ackcrmann: Zeit, physiol. Chem., 203, 66—69, 1932. 
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Uber Prolysin, «-Amino-e-hydantoincapronsaure, 
ein neues Abbauprodukt des Eiweisses. I. 

Von 

Mitsunori Wada. 

(Agrikultur Ohemischett fnstitut der Tnkio Kawcrl. Universitiit, Komaba , Tokin.) 

(Kingegangcn am Fcbruar 33. 1933) 

Vor Kurzem, als der Verfasser sicli mit der Isolierung des CitrulUns aus 
tryptischen Verdauungsprodukten des Caseins beschaftigte, beobachtete er, 
dass der Verdauungssaft ausser Citrullin nocli eine Substanz enthalt, welche 
die fur Harnstoffgruppen charakteristische Schiffscbe sovvie P. Ehrlichsche 
Reaktion gibt. Diese Substanz ist gegen Sauren bestandiger als Citrullin 
und existiert nocli nach dem Zerstdrcn des Citrullins durch verdiinnte Salz- 
saure in die Flussigkeit. Sie entsteht auch bei vorsichtiger Verdauung des 
Eiweisses durch verd. Siiuren. Durch langeres Erhitzen mit konz. Sauren 
order Alkalien wird sie aber vollstandig zerstort. Am besten kann man eine 
alkoholische Salzsaurelosung fiir die Verdauung anwenden. 

Seitdem hat der Verfasser sich bemuht, diese Substanz zu isolieren. Wenn 
die Verdauungsfliissigkeit, die obengenannten Reaktionen gibt, bis zu schwach 
saurer Reaktion neutralisiert, mit Ticrkohle entfiirbt und mit einer verd. alko- 
holischcn T.osung von Xanthydrol versetzt wird, so kann man diese Substanz 
als Xanthylverbindung in farblosen Prismeti bekommen. Ferner, wenn die 
neutralisierte Verdauungsfliissigkeit nach starkem Einengen im Vakuum mit 
fiinffacher Menge Methylalkohol versetzt wird, so entsteht ein Niederschlag, 
der starke Schiffsche Reaktion gibt. Wird nun dieser Niederschlag in Wasser 
gelost und mit Silbernitrat und Baryt fraktioniert gefallt, so erhiilt man diese 
Substanz als Silbersalz, welches in iiblicher Weise in kristallinisches Kupfersalz 
verwandelt und gereinigt wird. 

Die aus reinem Kupfersalz regenerierte freie Substanz bildet cin hygro- 
skopisches, weisses, kristallinisches Pulver, das loslich in Wasser, unloslich in 
Alkohol und Aether ist. Ks gibt die Schiffsche, P. Ehrlichsche Jafifesche 
sowie die Biuret und Triketohydrinden Reaktionen; es bildet hellblaues 
Kupfersalz wie gewohnliche Aminosauren und auch kristallinisches Pikrat. 
Gegen Xanthydrol verhalt es sich wie Harnstofif und bildet kristallinische 
Monoxanthylverbindung. 

Die Analyse der freien Substanz stimmt mit der Formel C^H^jNgO., iiberein. 

Beim Kochen mit konz. Sauren oder Alkalien wird sie glatt in Lysin 
gespalten. Wahrscheinlich bietet sie eine Vorstufe des Lysins in Eiweissmolekiil 
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dar. So hat der Verfasser den Namen “Prolyrin” fur diese Substanz vor- 
geschlagen. 

Durch Reduktion und Hydrolyse des Prolysins mit JodwasserstofT bildet 
sie a-Monoaminopimelinsaure, die weiter in Pimelinsaure gespalten wird. 

Durch Einwirkung von Bariumhydroxyd bei Zimmertemperatur wird zuerst 
a-Uramino-a'-aminopimelinsaure gebildet, welche weiter in Diaminopimelin- 
saure verwandelt wird. 

Schwefelwasserstoff und Bariumcarbonat spalten sie in a-Uramino-a'- 
aminopimelinsaure und weiter in Harnstoff und a-Aminopimelinsaure. 

Durch Salpetersaure bei gewohnlicher Temperatur oxydiert, wird Paraban- 
saurc gebildet. * 

Mit Harnstoff kondensiert, bildet sie Pentamethylendihydantoin, die durch 
Erhitzen mit Bariumhydroxyd in Cadaverin verwandelt wird. 

«-Aminopimelinsaure liefert in analoger Weise mit Harnstoff e-Hydantoin- 
capronsaure, die beim Kochen mit Bariumhydroxyd wieder in e-Aminocapron- 
saure gespalten wird. 

Durch Jodierung des Prolysins werden zwei Wasserstoffatome der Imido- 
radikales substituiert. 

Aus den oben erwahnten Beobachtungen hat der Verfasser dcm Prolysin 
die folgende Formel zugeschrieben : 

// NII-CH-CH 2 CH 2 CH 2 CH(NH 2 )GOOH 

CO 

^NH-CO 

Prolysin: «-Amino-e-hydantoincapronsaure. 

Umwandlung und Spaltungswcise des Prolysins werden in der folgender Seite 
schematisch dargestcllt. 

Isolierung des Prolysins 

900g Gelatine wurden mit 9()0ccm salzsauregesattigtem, 6096igem Alkohol 
8 Stunden gekocht (die Temperatur der Fliissigkeit war etwa 90°). Das Hy- 
drolysat zeigte starke Biuretreaktion sowie die Schiffsche Reaktion (rotviolette 
P'arbung mit Furfurol, Aceton und konz. Salzsaure). Es wurde mit 300 ccm 
50%iger alkoholischer Natronlauge neutralisiert, eingedampft, filtriert und mit 
SO^igein Alkohol gewaschen. Das F'iltrat wurde dann im Vakuum zum 
Sirup eingedampft und mit fiinffacher Menge Methylalkohol versetzt, wodurch 
ein Niederschlag entstand, welcher starke Schiffsche sowie P. Ehrlichsche 
Reaktion gab. Der Niederschlag wurde in Wasser gelost und mit Silbernitrat 
und Baryt frakdoniert gefallt. Da die in saurer Losung gebildete gelbbraune 
Fallung kein Prolysin enthielt, wurde sie abfiltriert und zum Inltrat soviel 
Baryt zugegeBbn bis es pH 5.8 erreichte. Das Prolysin wurde dadurch fast 
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Oxydation konz. Sauren oder 

,NH—CO mit ,NH—CH. CILC1 l,Cl LCI INII. Alkalien 


/ 

CO 

\nii— CO 

ParabansSure 


HNO, c / j 
X 'NH—CO 

Prolysin 

Ba(OH) 2 bei Zimmertemp. 


COOH 


- > NIi„ - Cl LCI LCf LCI LCI INI L 

.i 

coon 

Lysin 


Reduktion und Hydrolyse 
mit HJ 

BaCOj | 

+ i 

NHo-CO-NH-CH • CHjCIIoCI I 2 CHN 1I 2 -II 2 S NII 2 -CH-CII 2 CH 2 CII 2 CIL 


I 

cooh coon 

(X-Amino-a'-uraminopimelinsaure 


Ba(OH) 2 


4 1 


NtL-CH-ClLCl I..CI IjCIINIL 

■ I I 

cooh coon 

Diam inopimel insSu re 


I 

mit Harnstoflf 

i __ 

yNH-CII. CHjCHjCK. • CII-NU 
CO j | ^>CO 

\nh-co CO-NH 

Pentamethylendihydantoin 


\ i i 

\ COOH COOH 

a -Monoam i nop i mel i n sinre 


Nir 2 .CO.NH 2 

I [arnstoff 


i 

Cl LCI I ,CI LCI loCIto 

I ' “ - “I 

COOH COOH 

Pimelins&ure 


\ /> 
\ / 

BaCO, + TIoS 


Erhitzen mit 
Baryt 


NIL-CILCI LCH 2 CII,CII 2 -NIL 
Cadaverin 


vollstandig als hellgelber amorpher Niederschlag gefallt. Nach einem Tag 
wurde es abfiltriert, sukzessiv mit wenig Wasser, Methylalkohol und Aether 
gewaschen und im vakuum fiber Schwefelsaure getrocknet. Die Ausbeute 
des Silbersalzes betrug etwa 12 g. Um freies Prolysin darzustellen, wurde das 
Silbersalz in bO^igem Alkohol suspendiert, durch Schwefelsaure und Schwefel- 
wasserstoff von Baryt bezw. Silber befreit, eingedampft und mit Methyalkohol 
und Aether behandelt. In der Weise erhielt man das Prolysin als weisses, 
kristallinisches Pulver. Es bildet hellblaues kristallinisches Kupfersalz vom 
Schmelzp. 260°, welches in Wasser sehr leicht, in Methyl- und Aethylalkohol 
aber unloslich ist. Das Pikrat des Prolysins kristallisiert in gelben Plattchen, 
schmilzt bei 122°. Es ist in Wasser leicht, in Methylalkohol und Aether 
unloslich. Das reine freie Prolysin, regeneriert aus reinem Kupfersalze, ist ein 
weisses, kristallinisches Pulver, loslich in Wasser, unloslich in Methyl- Aethyl- 
Butylalkohol, Aceton, Aether usw. Im Kapillarrohr erhitzt, beginnt es bei 
209° sich zu farben und zersetzt es sich bei 222°. 

Die wasserige Losung reagiert neutral gegen Lakmus. Aus konzentrier- 
•ter Losung wird es durch Phosphorwolframsaure gefallt, nicht aber aus ver- 
dfinnter LOsung. Aus alkalischer Losung wird es durch Quecksilbersalze, 
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(wie Acetat, Nitrat, Sulfat uncl Chloricl) gcfallt. Silbernitrat gibt in einer Losung 
von pH 5.6 bis 6.8 dutch Zusatz von Baryt einen hellgelben Niederschlag. In 
saurer oder ammoniakalischer Losung wird aber keine Fallung hervorgerufen. 
Das Silbersalz ist schwer loslich in Wasser und wird durch Zusatz von Alko- 
hol wieder gefallt. Es lost sich in verdiinnter Salpetersaure (6 bis 7 °/ 0 ) und 
fallt wieder durch Zusatz von Baryt aus (bei pH etwa C). Durch dieses Ver- 
fahren wird es am besten gereinigt, Phosphorniolybdansaure oder basisches 
Bleiacetat geben keine Fallung. Urease hat auch keine Wirkung auf Prolysin. 

Farbenreaktionen des Prolysins 

(1) Triketohydrindenreaktion : violett. 

(2) Biuretreaktion : stark. Allantoin und Harnsaure geben auch dieselbe 
Reaktion. 

(3) P. Ehrlichsche Reaktion (p-Dimethylaminobenzaldehyd und Salz- 
saure): gelblichgrun. 

(4) Schiffsche Reaktion (Furfurol, Aceton und konz. Salzsaure): violett- 
rot. Allantoin und Citrullin geben auch dieselbe Reaktion. 

( 5 ) Phenol und Natriumhypochlorit: blau. 

( 6) Adamkicwiczsche Reaktion (konz. Schwefelsaure und Pepton): rot- 
violett. Allantoin gibt wieder dieselbe Reaktion. 

(7) Jaffesche Anhydridreaktion (Erhitzen mit PikVinsaure und Natrium- 
carbonat): rot. Bei Allantoin dieselbe Reaktion. 

(8) \o/ 0 Pyrogallol in konz. Schwefelsaure : schdn rotviolett. Allantoin: 
gelblichgrun. 

(9) 0,1^ Indollosung und konz. Schwefelsaure: rot. 

(10) 0,1% Skatollosung und konz. Schwefelsaure : gelblichrot. 

(11) Paulysche Diazoreaktion : orange. 

(12) Fehlingsche Losung: beim langeren Erhitzen reduziert. 

(13) Ferriferricyanidreagens: griinlichblau. 

(14) Pyrrolreaktion: stark, 

(15) Ferrichlorid : rote Fiillung. 

(16) Die folgenden Reaktionen fallen negative aus: Millon, Sakaguchi, 
Murexid, Folin, Morner und Liebermannsche Nitrosoprobe. 

Analyse des freien Prolysins : 

4,946 n>g Substanz 8,043 wg CO«, 2,955 mg II 2 O f 
6,723 mg Substanz 1,108 ccm N 2 (758,1mm 17°) 



c 

II 

N 

Gef. 

44,34 

6,63 

19,33 

Ber. C,H„N a 0 4 

44,62 

6,09 

19,53 
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On the so-called “Imo-shochu” the Sweet 
potato spirit by Old Method. 

By 

Kotaro Nisiiida 

(Kagoshima Agricultural College, Kagoshima, Japan. ) 

(Received February 28, 1933.) 

The so-called “Imo-Shochh” is a kind of spirit obtained from “Imo” 
(Sweet potato) and “koji” by old method. It is a special product of two 
prefectures—Kagoshima and Miyazaki—in our country. The annual production 
of this spirit in these districts amounts to about 100,000 hectolitres. 

As its raw materials there are used (l) steamed sweet potato, (2) ( Awa- 
mori koji’’ or black koji, a steamed foreigen rice upon which Asprrr/i/lus 
Awamori has been developed, and (3) water. 

The spirit mash is prepared by mixing these raw materials in following 
proportion. 



In the 1st mixing, In the 2nd mixing 

Total 

Riped mash 

Sweet potato 

— 

450 kg 

450 kg 

] 

“Awamori koji” rice 

, 130 litres 

— 

130 litres 

/ 78S litres 

water 

i 145 litres 

i 

247 litres 

392 litres 

j J 


In a large earthen pot, “Awamori koji” prepared from 130 litres of 
foreign rice, is allowed to stand in 145 litres of water for about a week. 
Then the second mixing materials is added to the first mixture, and after 
about 10 days, the mash is distilled by very simple distillator. The yield of 
the sweet potato spirit, containing 40 96 alcohol by volume, is about 244 litres 
from 785 litres of riped mash. 

Experimental Results. 

I. Chemical Composition of “Awamori koji” and its Extract. 

The analytical results of “Awamori koji” and its saccharified extract 
(Balling= 10°, Pii = 3.11), are shown in the following table: 


Moisture 
Solid matter 
Total N 
Protein N 


In 100 g of “Awamori 
I koji” (g) 

21.79 

78.21 

1.1062 

0.9544 


In 100 c.c. of koji ex- 
tract (g) 

90.31 

9.69 

0.1274 

0.0038 
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Non-protein N 

0.1518 

0.1236 

Ether extract 

0.2916 

— 

Alcohol extract (free from ether extract) 

1.9883 

— 

Reducing sugar (as glucose) 

1.8537 

7.1076 

Starch and Dextrin 

62.13 

— 

Total carbohydrate (as glucose) 

— 

8.9223 

Dextrin 

— 

1.6332 

Total acid (as citric acid) 

— 

0.7749 

Ash 

0.4859 

0.1035 


II. Chemical Changes of Mash during its Saccharifying and Fermenting. 

In the spirit mash, as in the case of “Sake”, the saccharification and 
the alcoholic fermentation takes place at the same time, but in the former 
case, these actions arise suddenly. 

The analysis of mash is carried on 17 days during its ripening with the 
following results : 


Date 

Temp. 

of 

mash 

Pn 

g in 

100 c.c filtrate of mash 

Acid 

(as citric acid) 

Reducing sugar 
(as glucose) 

Alcohol 

1 

(Jan. 

ID 

25°C 

2.96 

0.9645 

2.2653 

005 

2 

( 

ft 

12) 

24 

2.87 

1.6529 

3.2020 

3.46 

3 

( 

It 

13) 

28 

3.12 

1.4866 

0.4646 

9.85 

4 

( 

ft 

14) 

27 

3.24 

1.4700 

0.7630 

11.72 

5 

( 

tt 

15) 

23 

3.29 

1.4434 

0.8173 

13.28 

6 

( 

tt 

16) 

17 

3.36 

1.4367 

0.7841 

14.00 

7*( 

II 

17) 

22 

3.% 

0.3559 

1.7142 

7.62 

8 

( 

n 

18) 

30 

4.07 

0.2860 

1.0295 

8.46 

9 

( 

tt 

19) 

29 

4.21 

0.2661 

0.4562 

10.90 

10 

( 

tt 

20) 

25 

4.26 

0.2494 

0.3269 

11.49 

- 11 

( 

tt 

21) 

24 

4.29 

0.2594 

0.2890 

11.66 

12 

( 

// 

22) 

22 

4.26 

0.2561 

0.2798 

11.52 

13 

( 

tt 

23) 

20 

4.03 

0.3193 

0.3090 

11.02 

14 

( 

tt 

24) 

18 

4.09 

0.2927 

0.2731 

11.08 

15 

( 

tt 

25) 

18 

4.07 

0.3093 

0.2731 

11.14 

16 

( 

tt 

26) 

16 

4.12 

0.2993 

0.2731 

11.14 

17 

( 

tt 

27) 

14 

4.05 

0.2993 

0.2731 

11.08 


Shows the second mixing of the raw materials. 


III. Composition of Sweet potato spirit and its Byproduct. 

General composition of the spirit prepared by above method, is as follows: 

Specific gravity 0.9504 Ph ' 6.01 

Alcohol (vol. %) 40.38 Extract (g in 100c.c.) 0.0317 

Ash (g in 100c.c.) 0.0182 
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The distillated residue obtained from the mash, is used as fodder es¬ 
pecially for pig, or manure; its analytical data are shown in the following table: 



g in 100 c.c. of original sample 
• i 

In 100 parts of dry matter 

Water 

95.10 

— 

Dry matter 

4.90 

— 

Crude protein 

0.9402 

19.19 

Protein 

0.7050 

1439 

Crude fat 

0.3123 

6.37 

Crude fibre 

0.4664 

9.52 

Crude asli 

0.4055 

8.28 r 

Extract 

2.9000 

59.18 

e extract 

2.7756 

56.64 


Summary. 

(1) The titration acidity and hydrogen ion concentration of the “Awa- 
mori-koji” extract are very higher than those of the “Sake-koji” extract, 
that is : 



Ph 

g in 100 c.c. 


as citric acid 

as lactic acid 

“Awamori-koji” extract 

3.11 

0.7749 

— 

**Sak6” extract 

5.49 

— 

0.0795 


(2) The changes of the spirit mash during its ripening, are summarized 
as follows: 

(a) The temperature of the mash is very high and the maximum reaches 
to 30°C or above, 

(b) The titration acidity of the mash is very large, using the “Awamori- 
koji” as raw material. The organic acid in the mash is mainly citric, and 
moreover succinic acid. 

(c) The hydrogen ion concentration of the mash is remarkably large, 
namely its Ph value is below 3.0 at the beginning of the mash ; there¬ 
fore the bacteria could not multiply in these medium even in a hot dis¬ 
trict. But by the second mixing of raw materials (sweet potato and 
water) the Ph value of mash is elevated suddenly, on account of the 
phosphates in the sweet potato. In this time of the mash, the resinous 
substances in sweet potato played as an antiseptic. Thus the fermenta¬ 
tion of mash may be carried out very safely. 

(d) The amount of reducing sugar in the mash is very small, while on 
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the other hand the formation of alcohol is very active. From these 
facts, it may be said that, the sugar formed from the starch was changed 
to the alcohol immediately in succession. 

(e) In the spirit mash a small amount of alcohol is lost nearly at the 
end of fermentation of mash by the evaporation. Then the distillation of 
mash should be performed at about the 5th day after the 2nd mixing of 
raw materials, when the content of alcohol reaches to the maximum. 


Uber Sauren und Alkohols im hochsiedenden 
Anteil des Fuselols 

Von 

T. Taira 

(Eingegangen am 3, Marz 1933J 

Bekanntlich ist das Fuselol ein Nebenprodukt der alkoholischen Garung, 
und wegen seiner Wichtigkeit fiir die Garungschemie wie auch fur die 
Hygiene ist es der Gegenstand zahlreicher Untersuchungen gcwesen. Ver- 
haltnismassig gering ist aber die Anzahl der Arbeilen fiber die hohcr als 
Amylalkohol siedenden Anteile. Zwar wird angegeben, class darin Fettsauren 
wie Capron-, Oenanthyl-, Capryl-, Pelargon-, Laurin-, Myristin- und Palmitin- 
saure, ferner Alkohole wie n-Hexyl-, Isohexyl-, n-IIeptyl-, Oktyl-, Nonyl- 
und Decylalkohol sowie Terpineol vorkotnmen, aber da bei bisherigen Arbei- 
ten geringe Mengen Material verarbeitet und nur indirekte Methoden z. B. 
Elementaranalyse der betreffenden Fraktionen, Molekulargewichtsbestimmung 
und Analysen der Salze zum Nachweise benutzt wurden, so ist nach Ansicht 
des Verf. die Untersuchung durch direkte methoden selir erwiinscht. 

Dem Verf. standen relativ grosse Mengen Material bei der Untersuchung 
des Fuselols aus Rohrzucker-Melasse, Ipomoea und Kaoliang (in China ein- 
heimische Art Mohrenhirse der Familie Graminae) und des Reisbranntweins (rice 
brandy oil) zur Verfiigung. Nachdem unter gewohnlichem Druck die unterhalb 
132°C siedenden Anteile abdestilliert worden waren, wurde der Riickstand 
verseift, um durch Extraktion desselben mit Ather die # Seife vom unverseif- 
barem Anteil zy trennen. Nach Zersetzung der Seifenlosung mit Mineral- 
saure wurden die Fettsauren mit Ather extrahiert. Die atherische Losung 
wurde dann mit gegliihtem Natriumsulfat getrocknet und der Ather abdes- 
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tilliert Die Fraktionierung des Riickstands wurde unter Benutzung des 
Widmer'schen Kolonnenapparats vorgenommen. Aus dem unter 10 mm bis 
200°C iibergehenden Anteile von einheitlichem Molekulargewicht wurden 
die Anilide hergestellt, um deren Schmelzpunkte zu bestimmen, ferner durch 
Mischprobe den Identitatsnachweis zu erbringen. Der unter 10 mm uber 
200° iibergehende Anteil wurde nach dem Ather-BIeisalzverfahren behandelt, 
um die gesattigten von den ungesattigten Sauren zu trennen. Die gesat- 
tigten Sauren wurden dann einer fraktionierten Kristallisation aus Alkohol 
unterworfen, um schliesslich deren Schmelzpunkte und Molekulargewichte zu 
bestimmen. Von den ungesattigten Sauren wurden Bromadditionsprodukte 
hergestellt und so Hexa-, Tetra- und Dibromide erhalten und auf diesem 
Wege die einzelne ungesattigte Saure nachgewiesen. Die atherische Losung 
des unverseifbaren Produkts wurde mit gegluhtem Natriumsulfat getrocknet, 
dann der Ather verjagt und der Riickstand unter Benutzung des Widmer' 
schen Kolonnenapparats fraktioniert. Jede Fraktion wurde noch einmal 
fraktioniert und so gereinigt. Dann wurden die physikalischen Konstanten 
jeder gereinigten Fraktion bestimmt. Sodann wurden die Fraktionen mit 
Chromsauregemisch oxydiert und Semicarbazone aus den Oxydationprodukten 
gewonnen. Phenylathyl alkohol wurde durch Phenylurcthan charakterisiert. 


Tabell I. 

(T. Taira, Joum. Agr, Chem. Japan IX, 7^18, 1933.) 



Fuselol aus Rohr- 
zuckermelasse 

Ipomoea-Fuseltil 

Kaoliang Fuselol 

Rice brandy oil 

Caprons&ure 


2.9^ 

+ 

(5) 

Caprysfture 

19.8 

6.7 

? 

(2) 

Caprins&ure 

45.8 

10.0 

12. §%> 

(1) 

LaurinsSure 

5.3 

7.2 

? 

(4) 

Myristinsaure 

0 

0 

? 

(3) 

Palmitinsaure 

14.7 

42.3 

32.0 

63.0^(roh) 

Olsaure 

7.9 

24.0 

) 

22.0 

Leinftlsaure 

1.5 

7.2 

\ 28.0 

9.0 

LinolensSure 

0.3 

0 

, 

J 

0 


Anmerkung: Die Klammern in der Rubrik “Rice brandy 011” der obigen 
Tabelle die Reihenfolge der Mengen. Beim Kaoliang- Fuselol und Rice 
brand oil-Fuselol 1st der Gehalt der Myristinsaure sehr gering, sodass befrie- 
digende Resultate nicht erhalten werden konnten. 
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Tabelle. II. 

(T. Taira Joun. Agr. Chem. Japan, 1933, ini Druck befindlich.) 



Methyl-n-amyl- 

carbinol 

Methyl-n-heptyl- 

carbinol 

Phenyiathyl- 

alkohol 

Fuseldl aus Rohrzuckermelasse (36 I') 

30 g 

40 s 

2g 

Ipomoea-FuselSl (9 L) 


3 

16 

Rice brandy oil (30^) 

ca. 

2.0 K 

6 

Sak6 (27 L) 

ca. 

0.7 g 

1 


Von den bisher durch verschiedene Forscher als Bestandteile des Fuselols 
angegebenen zahlreichen Fettsauren konnen gcsattigte Fettsauren tnit ge- 
rader Kohlenstoffzahl C 0 bis C 1G , ferner die vom Verf. zuerst darin nachgewie- 
senen ungesattigten Fettsauren mit gerader Kohlenstoffzahl, namlich Ol- 
saure und Leinolsiiure, als regelmassige Bestandteile des Fuselols bestatigt 
werden. Aber Fuselol aus Rohrzucker-Melasse und Ipomoea-Fuselol ent- 
halten keine Myristinsaure. Ferner enthalt das Fuselol aus Rohrzuckermelasse 
gering Mengen Linolensaure. Oenanthylsaure und Pelargonsaure, die bisher 
offers als Bestandteile des Fuselols angegeben wurden und die Fettsauren 
mit ungerader Kohlenstoffzahl sind, konnten in keinem Fuselol gefunden 
werden. 

Die bisher im Fuselol vermutenen primaren normalen Alkohole und 
Alkohole der Isoform uber C G sind auch nicht im unverseifbaren Teil enthalten. 
Sehr interessant ist die Tatsache, dass sekundare Alkohole mit C 7 und C 9 
darin vorkommen. Zwar fehlen in der Literatur Angaben, dass Phenylathyl- 
alkohol, ein Garungsprodukt des Phenylalanins, im Iuiselol vorkommt, doch 
ist dieser Alkohol im Ipomoea-Fuselol, im Fuselol des rice brandy oil und 
im Sake deutlich nachweisbar enthalten. 

Dass sekundare Alkohol des Fuselols durch Phytoreduktion der durch 
^2r-Oxydation der Fettsauren mit gerader Kohlenstoffzahl entstandenen Methyl- 
ketone sich bilden, scheint wahrscheinlicher zu sein als die Ehrlich'sche Theorie 
einer Bildung durch Garung der Aminosaure. Arbeiten fiber /9-Oxydation 
durch Schimmel pilze sind zwar bekannt, aber letztere wurden nicht bei der 
Ilefeentdeckt. Der Umstand, dass im Fuselol aus Rohrzucker-Melasse, in 
welchem Fall llyphomyceten nicht zur Wirkung kommen konnen, doch 
sekundare Alkohole enthalten sind, scheint dafur zu sprechen, dass diese 
Wirkung der Hefe zukommt. 

K, Shoji hat fast zur gleichen Zeit wie Verf. mitgeteilt, dass er aus rice 
brandy oil Methyl-n-amylcarbinol und Methylheptylcarbinol isolieren konnte. 

(Scientific Papers of the Institute of Physical and Chemical Reserch. 
vol, 20 (1933) no. 405) 
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Nutritive Value of Sperm Whale Oil 
and Finback Whale Oil. 

By Yoshikazu S ah Asm. 

(Received February 10, 1933.) 

Though nutritional studies of fats or oils have already been carried out 
by many investigators, little is yet attempted in the feeding experiments with 
such oils as sperm whale oil which contains a large amount of waxes. 

The present author, therefore, carried some feeding experiments of rats 
with synthetic diets containing large amounts of the oils obtained from sperm 
whale [Physeter macrocephahis L.) and finback whale (Balaenoptera pliysalus L.) 
for the purpose of contributing something to this nutrition problem. 

Through the previous work of M. Tsujimoto r,) and Y. Toyama 00 , the 
chemical properties of the oils prepared from sperm whale and finback whale 
have already been determined as follows: 



The head oil from 
sperm whale 
(M. Tsujimoto) 

The body oil from 
sperm whale 
(M. Tsujimoto) 

Finback whale 
oil 

(Y. Toyama) 

Sp. gr. 

<’ = 0.8848 

df = 0.8806 

df = 0.9231 

Refr. index 

»»jj? = 1.4633 

nj* = 1.4620 

n{j° = 1.4727 

Acid value 

0.99 

1.24 

2.21 

Sapunification value 

147.1 

131.6 

196.6 

Iodine value 

71.4 

82.4 

112.9 

Reichert-Meissel value 

0.57 

— 

— 

Unsaponifiable matter 

36.0# 

36.4 

1.09^ 

Fatty acids 

65.0# 

64.13^ 

— 

Glycerol 

3.52# 

— 

— 

Cholesterol 

0.18# 




The sperm whale oils consisted chiefly of mixed waxes. The unsaponifi- 
able matter (wax alcohols) contains cetyl alcohol and oleic alcohol in nearly 
equal proportion. Small amounts of octadecyl and tetradecyl alcohol appear 
to be present. The total percentage of cholesterol was found to be 0.18 96 
of the sperm oil. The fatty acids consisted of about 19^ solid and about 
81 % of liquid acids. Among the solid (saturated) acids palmitic and miristic 
have been identified. A small quantity of caprylic or capric acids was also 
present. The liquid (unsaturated) acid consisted mainly of the oleic acids 
series: physetoleic and oleic acids. Not more than 1% of highly unsaturat¬ 
ed acids was also present. On the contrary, the finback whale oils contained 
fatty acids of the same composition which occur in other animal or vegetable 
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oils as common glycerides. 

The present author carried out feeding experiments with a genuine head 
oil and an intestine oil obtained from sperm whale (male: body length about 
14 meters) and with a blubber oil and an intestine oil prepared from a finback 
whale. These samples were kindly supplied from Toyo Hogei Kaisha. 

Experimental. 

(1) Experiments with diets containing whale oils in sufficient quantity . 


The analysis of the samples used in the experiments: 



Sperm whale 

Finback whale 


The head oil 

| The intestine oil 

The blubber oil 

| The intestine oil 

Sp. gr. 

-- 

— 

df = 0.916 

d\ n = 0.916 

Refr. index 

— 

^1? 

11 

£>. 

O' 

njj = 1.466 

nj“ = 1.467 

Acid value 

0.9 

2.0 

0.2 

0.9 

Sap. value 

145.4 

144.4 

185.5 

180.5 

Iod. value 

62.7 

88.6 

92.7 

97.6 

Vitamin A 

— 

— 

— 

— 


For the experiments: Albino rats weighing 40^50 g each, were pre¬ 
viously fed for several days on a complete diet until they reached 50^60 g. 
Then they were divided into several groups, each consisting of four animals, 
and were fed on various experimental synthetic diets. (Fig. 1~~8) 

The diets consisted of: 


Potato starch (Japanese Pharmacopoea IV) 

65 g 

60 g 

Fish meat protein (bonito meat freed from fat) 

15" 

15 " 

McCollum's salt mixture 

4" 

4" 

Oryzanin solution (Sankyo & Co.) 

5 cc 

— 

Dried yeast (supplied from Oriental Company extracted with ether) 

— 

2" 

Whale oils 

15g 

20 g 

Biosterin, dissolved in olive oil, given per os daily. 

1 mg 

1 mg 



Fig. 1. The growth curves of the rats fed on diets containing whale oils. 




(II) Experiments with waxes and purified sperm oils t 

In order to investigate the characteristic symptom of rats fed on the diets 
containing sperm oils as described above, the author attempted to purify the 
waxes from sperm oils. 

i) Spermaceti (cetin): When the head oil from sperm whale was cooled 
at 0^5°C, a large quantity of the solid wax which consisted chiefly of cetin 
separated at the bottom as white crystalline mass. It was collected, freed 
from the mother liquor (so-called winter sperm oil) by centrifugal machine, 
and recrystallized from hot alcohol. 

ii) Liquid waxes: 100 g said winter sperm oils freed from trhe above 
solid waxes were boiled with 400 c.c. of a 896 Na,CO a solution for 3 hours. 
The impurities in the oils are thus completely dissolved. After cooling, the 
liquid oils were separated and washed with water until the wash water con¬ 
tained no trace of sodium carbonate. Analysis of waxes: 



Solid waxes 

Liquid waxes 


Spermaceti 

(cetin) 

(head oil) 

Winter sperm 
oil, freed from 
spermaceti 
( head oil ) 

Winter sperm 
oil, treated with 
NaoCOg 
(head oil) 

Winter sperm 
oil, treated 
with Na 2 COg 
(intestine oil) 

Sp. gr. 

— 

df = 0.887 

d? = 0.856 

d\ r ’ = 0.917 

Kefr. index 

— 

fifj = 1.459 

nf; = 1.460 

n;J = 1.470 

Acid value 

0 

0.5 

0.2 

0.2 

Sap. value 

135.3 

152.8 

153.4 

148.3 

lod. value 

, 

17.0 

76.9 

i 

66.2 | 

90.6 


iii) Finback whale oils purified with Na 2 C0 8 : The analysis of the sam¬ 
ples treated with Na 2 C0 3 in the above method (ii) : 



Purified finback whale oils 


The blubber oil 

The intestine oil 

Sp. gr. 

d][‘ = 0.919 

df = 0.918 


Refr. index 

n j> - 1-474 

»» = 1.474 


Acid value 

0.2 

0.2 


Sap. value 

184.3 

182.5 


Tod. value 

93.0 

102.5 



The results indicated that the glycerides are jnot destroyed. 

Feeding experiments : Feeding experiments were carried out in the similar 
manner as described above. The diets consisted of: 
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Potato starch (J. P. IV.) 

Fish meat protein (bonito meat) 
McCollum’s salt mixture 
Yeast as d scribed above 
Oryzanin solution 

W&Xes prepared as described above 
Biosterln dissolved in olive oil per os daily 


70 g 65g 
15" 15" 

4" 4// 

2 " - 

- 5cc 

10g 13g 

1 mg 1 mg 



F*g. 9. The growth curves of the rats fed on diets containing purified whale oils. 


Besides, a little linoleic acid was added to each diet, because it was 
proved to be an indispensable food factor, the absence of which causes a 
disease like avitaminosis. 

From the above experiments it can be seen that the pure waxes have 
no noticeable nutritive value upon rats, and seborrhoea seems sometimes to 
be produced by other fats or oils which contain waxes either in small amount 
or free .from it (Fig. 9^14). 


(Ill) Experiment with fatty alcohols . 


Pure waxes had neither any pronounced nutritive value upon rats, nor 
seemed to produce seborrhoea. So, the authors carried out some experiments 
with purified fatty alcohols prepared from the head oil (sperm whale) by sa- 
ponifiction. As it was shown by M. Tsujimoto and Y. Toyama, the principal 
components of the head oil from sperm whale are cetyl, octadecyl and oleic 
alcohols, so the authors prepared these alcohols in pure state and separately 
tested on rats. 

Cetyl alcohol : The solid waxes isolated from sperm oil was saponified 
with ale. KOH in the usual way, and the fatty acids were precipitated as 
Ca-soaps with hot alcoholic solution of CaCl,; filtered and the filtrate, after 
the removal of ethyl alcohol, was extracted with ether, and the etherial ex¬ 
tract after washing with water was evaporated to dryness. The residue con¬ 
sisted chiefly of cetyl and octadecyl alcohols. It was recrystallized from 
acetone, and converted into the corresponding acetate ’by boiling with three 
times its amount of acetic anhydride for three hours. The acetylated products 
thus obtained were fractionally distilled in vacuum. The fraction boiling at 
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166-^7°C (2 mm) having the iodine value 7.4^10 was saponified and subject¬ 
ed to distillation and the distillate was used for animal experiments; b p (3 
mm)=161^2°C. In order to determine the purity of this preparation, it was 
again converted into acetate and the iodine value was determined with the 
following results, 

0.1215 g Subs, gave 1.1 c.c. NaoSoC), (1 c. 6. =*12.58 mg iodine) iodine value=ll.4 
0.1206" " " 1.1 " " " " =11.4 

Oleic alcohol : Oleic alcohol was prepared in the similar manner as that 
of cetyl alcohol from the aceton-soluble portion of the nonsaponifiable matter, 
separated from the liquid waxes in sperm oils. After repeated distillation of 
the acetylated product, the preparation gave the following constant*: b p (4 
mm)=180-w5°C, rij R =0.894, 1.4532, iodine value = 69.5-w79.5 (cal. 81.9). 

The preparation used in the animal experiment was also prepared from the 
above one by saponifying and redistilling : bp (4 mm) = 178^180°C. The 
purity of the preparation was confirmed by ^converting it into the acetate: bp 
(3 mm)==180^182°C. 

0.1148)! Subs, gave 6.5 c.c. Na 2 S 2 0 3 (1 c.c.=12.58 nig iodine) iodine value=71.2 

0.1185" " " 6.7 " " " " =71.1 

Oleic alcohol [synthetic) : Synthetic oleic alcohol was prepared from ethyl 
oleate by reduction with Na in dry ethyl alcohol. After the removal of al¬ 
cohol the sample thus obtained was washed with alkali* dried over anhydrous 
Na«S0 4 , and distilled in vacuo: bp (4 mm)= 177^8°C. Then, the prepara¬ 
tion was analyzed as the acetate: bp (3 mm) = 180^2°C, 0.889, 

1.4543. 

0.1139g Subs, gave 7.8 c.c. Na 2 S 2 O s (1 c.c. = 12.58 mg iodine) iodine value=86.1 

0.1133" " " 7.8 " " " " =86.6 

(cal. 81.9) 

Feeding experiments: The feeding experiment of rats with the fat-deficient 
diet supplemented with 5 o/ 0 and 10 o/ Q fatty alcohols were as follows: The 
diets consisted of:- 


Potato starch (J. P. IV.) 

70 g 

75 g 

80 g 

Bonito meat protein 

15 g 

15 g 

15 g 

McCollum's salt mixture 

4" 

4" 

4" 

Yeast as above described 

2" 

2" 

2" 

Fatty alcohol (cetyl or oleic alcohol) 

10g 



Biosterin dissolved in olive oil per os daily 

1 mg 

1 mg 

.lmg 


Preparation used in the expt. 

Body wt. at the 
beginn. of the 
expt. (av. of 4 rats) 

Body wt. at the 
end of the expt.. 
(av. of 4 rats) 

Days of living 
(av. of 4 rats) 

Cetyl alcohol 10# 

59g 

' 44.0 g 

,».o 

(the head oil fy sperm whale) 5# 

58.5 g 

45.5 g 

10.0 
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Oleic alcohol 

10# 

58 g 

44.0 g 

3.5 

( " ) 

5 % 

59 g 

45.7 g 

3.7 

Oleic alcohol (synthetic) 

10# 

58 g 

40.0 g 

5.0 

Control 

0# 

6 lB 

105.0 g 

i 50.0 


Moreover, in order to determine the noxious effect of oleic alcohol on rats, 
when fed on a diet containing butter, rats were fed on a basal diet consist¬ 
ing of starch 75 g, bonito meat protein 15 g, butter 5 g, McCollum’s salt 
mixture 4 g, and commercial oryzanin solution 5 c.c.. The sample oleic alco¬ 
hol 0.1 g was supplied for each rat per os daily. 


The pieparation 
used in the expt. 

Initial body wt. 

Max. body wt. 
during the exp. 

Body wt. 
at the end | 

Duration 
for expt. 

Oleic alcohol 

61 g 

66 g 

63 g 

20 (days of living) 

(the head oil 
sperm whale) 

57 g 

63 g 

l 

53 g 

21 ( " ) 

Control 

j 54 e 

| 69 g 

! 69 g 

' 25 


From the above result, it was confirmed that free fatty alcohols especial¬ 
ly oleic alcohol gave toxic effects upon animals. 

(IV) Injection experiments with oleic alcohol. 

This experiment was conducted with the object of determining the pos¬ 
sible role of oleic alcohol in the production of seborrhoea in rats fed on the 
diet supplied with sperm oils. 2 c.c. oleic alcohol or its acetate prepared 
from the sperm oil was injected to the peritoneal cavity of rats which were 
previously fed on an adequate diet. No seborrhoea was produced in any of 
the rats (4 rats); and three of them died after 10^40 hours and the last one 
injected with 2 c.c, oleic acetate died after 6 days. So it was also concluded 
that oleic alcohol itself would not produce seborrhoea in rats. 

(V) Effect of linoleic acid upon seborrhoea of rats 
supplied unth sperm whale oils . 

An additional experiment was repeated to see the effects of linoleic acid 
and yeast on the sick rats, because they were recently recognized to be an 
indispensable food factor like vitamins. Rats were fed on the similar diet 
as above described: potato starch 65 g, fish meat protein 15 g, McCollum’s 
salt mixture 4g, dry yeast extracted with ether 2 g, sperm whale oil or fin¬ 
back whale oil 15 g, and in addition to the basal diet biosterin 1 mg and 
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pure linoleic acid* 50-^ 100 rag were supplied to every rat per os daily. The 
rats given the head oil from sperm whale exhibited seborrhoea after 3 weeks; 
but on the contrary, the one given the intestine oil from sperm whale and 
finback whale oils was not observed to show the skin symptom for the entire 
feeding period of about 100 days. (Fig. 15^16). 



Fig. 15 The growth curves of rats fed on diets containing 15% sperm whale 
or finback whale oils, supplemented with a little linoleic acid and dry yeast. 

Summary 

1. The sperm whale oils produced seborrhoea in rats and exhibited the 
retarding action upon the growth of rats. Finback whale oils (especially the 
intestine oil), on the contrary, indicated a pronounced nutritive value. 

2 . In order to determine whether waxes might exhibit any nutritive 
activity in rats, the head oil from sperm whale was freed from spermaceti 
(cetin) at a temperature of 0~~5°C, and expressed oil was used as the sample 
of winter sperm oil for investigation. Moreover, the above four kinds of oils 
were separately treated with Na 2 CO, in boiling water, and the refined oils 
so obtained were used for the experiments. Pure waxes prepared from sperm 
oil when given per os did not show the said symptom, especially when a 
little linoleic acid and dry yeast were administered with the waxes; so that, 
seborrhoea developed in rats fed on the diets containing large amount of 
sperm oils does not seem to be due to the high content of waxy substances 
in the materials. 

3. Fatty alcohols especially unsaturated fatty alcohols like oleic alcohol 
which is a component of sperm whale waxes, have marked toxic property, 
but do not produce seborrhoea in rats when given per os or injected. As 
the waxes as such had no noxious effect, it was concluded that the waxes 
were not assimilated by the animals; otherwise, the diet containing sperm 

Pure linoleic a^cid was specially prepared by the present author from soy bean oil by the 

bronination method. 



Fig. 2—Head oil from sperm whale 
15% No. 363. body wt. 49 g (after 9 days) 


Fig. 3—Intestine oil from sperm whale 
\5% No. 390. body wt. 55 g (after 11 days). 



Fig. 4—Blubber oil from finback whale Fig. 5—Intestine oil from finback whale 

15 % No. 353. body wt. I02g (after 4S 15% No. 355 body wt. 121 g (after 48 

days). days). 



big. 6—Blubber oil from finback whale Fig. 7—Intestine oil from finback whale 

15/o No. 351. body wt. 64 g (after 75 days). 15^ No. 355. body wt. 152 g (after 75 

days). 



Fig. 10—Spermaceti (cetin) 10?£ added Fig. 8—Intestine oil from finback whale 

with yeast No. 452. body wt. 89 g (after \5% No. 355. "body wt. 180 g (after 128 

52 days). days). 
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Fig. 11—Spermaceti (cetin) 15% Ory¬ 
zanin 5 cc added No. 428 body wt. 65 g 
(after 30 days). 



Fig. 12—Head oil from sperm whale 
15% Oryzanin 5 cc added No. 490 body 
wt. 51 g (after 30 days). 



Fig. 13—Intestine oil from sperm whale 
15% treated with Na 2 C0 3 Oryzanin 5 cc 
added No. 496 body wt. 61 g (after 30 ‘lays). 


% 


Fig. 14—Blubber oil from finback whale 
15% treated with Na 2 CG 3 Oryzanin 5 cc 
added No. 504 body wt. 62 g (after 50 days). 



Fig. 16—Head oil from sperm whale 
15% added with linoleic acid (2 drops) 
and yeast No. 595 btxly wt. 53 g (after 3 
weeks). 



Fig. 17—Intestine oil from sperm whale 
15% added with linoleic acid (2 drops) and 
yeast No. 592 body wt. 69 g (after 5 weeks). 









Nos. 4—6 J 


69 


whale oils in sufficient quantity should give more noxious effect. 

Moreover, the author has observed that diets supplied with fat consist¬ 
ing of ordinary glycerides have frequently produced the similar symptom in 
the skin of rats; and on the other hand, that the symptom was prevented 
by the addition of a small amount of yeast and linoleic acid even when given 
sperm oils. 

The author expresses his sincere thanks to Prof, U. Suzuki for his kind 
advice and encouragement throughout the work. The author is also indebted 
to Mr. K. Tago and to the Toyo Hogei Kaisha for the kind supply of reli¬ 
able whale oils in fresh condition. 


Reference 

( 1 ) J. Soc. Chem. Ind. Japan, Suppl. 24, 11—15, (1921). 

(2) J. Soc. Chem. Ind. Japan, Suppl. 28, 13—16, (1925); 30, 137—8, (1927). 


On the Ergosterin Content of Various Edible 
Mushrooms in Japan. 

By Midzuho Sumi. 

(Received February 17, 1933.) 

Some years ago cl) , the author had isolated ergosterin from Gortincllus 
Shiitake, carefully studied its chemical nature, converted it into vitamin D by 
irradiation with ultra-violet rays, and proved it to be identical with the pre¬ 
parations obtained from ergot or from yeast by other authors. Later, it was 
observed that this substance is widely distributed in many other mushrooms, 
either cultivated or grown wild in various districts of Japan, As these mush¬ 
rooms are not only consumed to a large extent as a favourite food by our 
people but also some of them are exported to other countries in a notable 
amount, it seems desirable, from the stand point of nutrition and public health, 
to determine their ergosterin content quantitatively. As there is not yet re¬ 
liable method known for this purpose the author has adopted the digitonin 
method which is commonly used for the determination of sterins. 

Since there is no noticeable amount of sterin other than ergosterin, de¬ 
tected in these fungi, the author presumes that the result obtained by the 
above method will suffice to represent the approximate amount of ergosterin. 
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The method of estimation is as follows: 

1 ) The dried and finely powdered material (50 g for each determination) 
is thoroughly extracted with ether in Soxhlet apparatus, the etherial extract 
is then evaporated and the residue thus obtained is dissolved in 95 % alcohol 
and filled up to a definite volume. 

2) A portion of this solution serves for the determination of free ergo- 
sterin. For this purpose, it is treated with an excess of 1 % digitonin solution 
in 90 % alcohol, the free ergosterin being thus completely thrown down as 
the digitonid. After standing overnight in a cool place, the precipitate is 
collected on a weighed filterpaper, washed with alcohol and ether and dried 
at 100 ° to constant weight. From the weight of the digitonid, the per¬ 
centage of free ergosterin in the original sample is calculated. 

3) For the determination of total ergosterin, a part of the latter which 
exists in the ester form must be previously saponified ; otherwise, it is not 
precipitated by digitonin. For this purpose the above alcoholic solution is 
boiled with 20% caustic potash for one hour, and after cooling, it is diluted 
with water and thoroughly extracted with ether. The ergosterin together 
with other unsaponifiable matters is thus taken up in ether. The etherial 
extract thus obtained is, after dehydration, evaporated and the residue is again 
dissolved in 95% alcohol and treated with the digitonin solution as stated 
above. The difference between the total and the free- ergosterin represents 
the quantity of ergosterin in ester form. For yeasts and spores of Aspergillus 
oryzae , the above method cannot be directly applied, so it is modified as fol¬ 
lows ; 

The dried material (50 g) is suspended in 200 c.c. of 95% alcohol and 
boiled for 2 hours with concentrated caustic potash (40 g). The supernatant 
solution is decanted and then the insoluble residue is again boiled with caustic 
potash likewise. The combined extract thus obtained is then evaporated at 
low temperature, diluted with a large quantity of water and thoroughly ex¬ 
tracted with ether. The etherial solution is dehydrated, evaporated and the 
residue is dissolved in 95% alcohol, filled up to a definite volume, and treated 
with the digitonin solution as stated above. In this way, the amount of total 
ergosterin is obtained. 

I. Ergosterin Content in different Parts of 
Cortinellus Shiitake- 

Full grown “Shiitake” was divided into three parts, i. e., 

a) Flesh together with peel. b) Gills. c) Stem. 

Each part was separately dried, powdered and analyzed with the follow¬ 
ing results. 
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Table. I. 


Part of body 

Relative wt. of each 
part of fungus 

Ergosterin % in 

Free state 

Ester form | 

i 

Total 

a 

7>1% 

0.2261 

0.9233 

0.2494 

b 

43 

0.3013 

0.0312 

0.3325 

c 

20 

0.1324 

0.0136 

0.1460 


We see from the above result that the ergosterin content is highest in 
gill while lowest in stem. 

II. Ergosterin Content of Cortindlus Shiitake at 
Different Stages of Growth. 

The samples for analysis were gathered at four different stages, i. e., 

a) Button stageCap was globular cylindrical form, the diameter of 
which was mm. 

b) Young stage Cap expands and veil separates from the margin, the 
diameter 1^2 cm. 

c) Mature stageCap is broadly expanded or nearly flat, the diameter 
of which was ca. 4 cm. In this stage the fungus is usually harvested- 

d) Old stage:- Over-riped. Cap becoming funnel shaped; the diameter 
was more than 5 cm. 

The analysis of these samples gave the following results. 


Table II. 


Stage of growth 

Ergosterin % in 

Free state 

Ester form 

Total 

a 

0.1572 

0.0214 

0.1786 

b 

0.1882 

0.0238 

0.2120 

c 

0.2353 

0.0286 

0.2639 

d 

0.2525 

0.0325 

0-2850 


The above result shows that the ergosterin content increases with the 
development of the fungus. 

III. Ergosterin Content of Various Mushrooms. 

Most of the samples used in this experiment was kindly supplied by Dr. 
S. Mimura, to whom the author expresses his hearty thanks. For analysis 
the dried and powdered material was treated as stated above. The results 
were as follows 
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Table III. 


Name 

Fresh sample % 

Dry Matter 

Moisture 

Ergosterin 

Ergosterin % 

ArmUlaria Matsudake Ito et Imai 

35.32 

0.0309 

0.2103 

Lartarivs Hatsudake Tanaka 

91.56 

0.0162 

0.1915 

IVicholf/ma Shimeji Kawamura 

93.42 

0.0147 

0.2237 

ArmiUaria mdtta (vahl) Quelet 

87.31 

0.0158 

0.1243 

Boletus erlulis (Bull) Fr. 

18.72 

0.1017 

0.1252 

Psalliota rampesfris (Linn) Fr. 

91.85 

0.0142 

0.1751 

Bhixopogon ruhesccns Tul. 

73.20 

0.0424 

0.1582 

Trichdoma colosmm Fr. 

88.23 

0.0204 

0.1734 

Cortinellus Shiitake P. Henn 

(Grrtinellus Berkelcyanus Ito et Imai) 

70.87 

0.0769 

0.2639 

Polyporu8Jrondosus (FI. Dan.) Fr. 

89.50 

0.0106 

0.1008 

Pholiota discolor peck. Young 

91.50 

0.0164 

0.1932 

Pholiota discolor peck. Mature 

90.30 

0.0228 

0.2352 

Pdyporus varius (pers) Fr. 

16.55 

0.0778 

0.0932 

Pleurotti8 ostreatus (Jacq) Sacc. 

10.53 

0.1277 

0.1428 

Hydnum aspra'um Berk. 

13.10 

0 2331 

0 2683 

* Polyst ictus versicolor lar nigi icans Losch. 

17.46 

0.0423 

0.0513 

(2) Spores of Aspergillus orytae 

17.82 

0.3304 

0.4021 

** Dried Baker’s yeast 

7.87 

0.3369 

0.3657 


Conclusion. 

The ergosterin content of Gortinellus Shiitake varies for different parts of 
body and it increases a little as the latter grows. 

By comparing the ergosterin content of various kinds of edible mushrooms, 
it was found that they range between 0.1 to 0.4% of the dry materials. 

The author wishes to express his sincere thanks to Professor U. Suzuki 
for his kind guidance throughout this work, and also to Dr. S. Mimura for 
many valuable advices and conveniences. 
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Studies on Experimental Rickets. IV 

On the Occurrence of Ergosterol in Shoyu Oil. 

By 

Seiichi Izume, Yoshinori Yosiiimura and Yasushi Hidaka. 

(From the Central Laboratory, South Manchuria Railway Co., Dairen, Manchuria) 
(Received April 4, 1933.) 


Introduction. 

Shoyu oil is an oily substance which rises to the top of shoyu or soy 
sauce when “moromi”* is filtered by means of a hydraulic press. The oil is 
therefore obtainable as a by-product of soy sauce brewing, and its annual 
production may be estimated at about 100,000 koku or 16,000 tons in Japan 
proper alone. It is a dark brown oil with a pungent soy sauce-like smell, 
and its boiling point is considerably lower than those vegetable oils, which 
is due to the fact that a majority of its fatty acids is combined with ethyl 
alcohol instead of glycerine. The use of shoyu oil is rather limited owing to 
its unpleasant odour and low boiling point, the oil being at present utilized 
almost exclusively as a raw material for the manufacture of powdered soap of 
cheaper grades. 

During the course of spectrographical and biological examinations of ste¬ 
rols isolated from different sources, we found that a significant amount of 
ergosterol was present in the sterol obtained from shoyu oil. We thought 
therefore that it might be of some economical and scientific significances to 
determine the value of shoyu oil as a raw material of obtaining vitamin D 
preparations. Accordingly we tried to estimate the ergosterol content of shoyu 
oil supplied by several different brewers and then to demonstrate on the ani¬ 
mal its profound antirachitic activities conferred by ultra-violet irradiation. 
We also discussed in the present paper the origin of ergosterol found in shoyu 
oil, and speculated on its economical value as a source of ergosterol in com¬ 
parison with various other substances containing ergosterol. 

For the brewing of soy sauce tane-koji or the culture of aspergillus oryzae is added to a 
mixture of nearly equal parts of cooked soya bean and roasted wheat, and allowed to stand 
in a cellar Until mixture is slightly Covered with the fungus, which is then steeped in a 
large vat of brine and left to ferment for about a> year. After the ripening period tlie 
fermented mass which is called “moromi” is transferred into a press and liquid sauce is 
pressed out. 
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Experimental Results- 

(A) Chemical Examinations. 

The specimens of shoyu oil supplied by four different brewers had the 
general characteristics given in Table I. 


Table I. 



1 

II 

III 

IV 

Specific gravity (15°C) 

0.892 

0.899 

0.896 

0.896 

Acid value 

64.2 

61.6 

57.6 

48.5 

Saponification value 

183.1 

183.3 

184.4 

183.2 

Reichert-Meissl value 

— 

0.33 

— 

— 

Iodine value (Wij's) 

112.5 

117.3 

117.600 

. 125.8 

Unsaponifiable matter 

3.03^ 

3.87 % 

2.72^ 

4.130^ 


Sterol was isolated from the unsaponifiable matter by means of recrystal¬ 
lizations by using acetone and then alcohol as solvents (yield, about 2o/ 0 of the 
oil). It gave an intense colour with the Liebermann-Burchard’s reagent and 
also it possessed the Rosenheim’s chloral hydrate and trichloroacetic acid 
reactions both specific for ergosterol. A specimen of sterol melted at 136^ 
7°C and showed —12.85°, while its acetate-had m.p. of 131^2°C 

and HS.--13.35®. 

(B) Spectrographical Examinations. 

The spectrographical examinations were carried out on the ether solutions 
of both shoyu oil and its sterol, employing a hydrogen vacuum tube as the 
source of ultra-violet light. It was observed that both of these materials had 
maximum absortion bands at 293, 282, 270 and 260 nfi ; the positions being 
identical with those of ergosterol. 

The estimation of ergosterol content of test materials was based on the 
concentration as well as on the thickness of absorption layer of their solutions 
at which the 282 fjt/i band shows the similar intensity to that given by a 
standard solution of ergosterol at a certain thickness. Four specimens of 
shoyu oil above mentioned were observed to contain ergosterol at 1 . 1 , 1.3, 
1.4 and 1 . 195 : and three specimens of sterol separated from different samples 
contained ergosterol at 19.8, 16.7 and 20.0 96 . 

(C) Biological Examinations. 

The antirachitic properties of test materials were demonstrated on rats, 
following the method previously reported cl) . It was observed, as indicated 
in Table II, that while the non-irradiated shoyu oil had no appreciable degree 
of antirachitic properties, the same oil after one hour’s exposure to the light 
of a mercury vapour lamp became exceedingly great in the above properties, 
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the daily doses of 1/I0mg being sufficient to produce a constant healing of 
experimental rickets in rats. The sterol similarly irradiated with ultra-violet 
light was found to be more potent in the activities, doses such as ]/100mg 
per day being always effective in curing rickets. 

Table II. 


Test material 

Daily dose 

Rat No. 

Radiographic findings at the end of 

Rachitic period 

Test period 

Shoyu oil 

10 ^ of diet 
// 

5 % " 

tt 

100 mg 
tt 

BBN02 

BBN10 

BBN12 

BBN21 

BBL02 

BBN10 

Moderate rickets 
tt 

tt 

tt 

tt 

tt 

No healing 
tt 

tt 

tt 

tt 

tt 


10 mg 

BBC00 

Slight rickets 

Complete healing 


ft 

BBC01 

Moderate rickets 

tt 


ft 

BBC12 

tt 

tt 


ft 

BBC21 

Slight rickets 

ft 


1 mg 

BBK00 

Moderate rickets 

tt 


ft 

BBK01 

'• 

tt 


it 

BBK02 

Slight rickets 

tt 

I rradiated 

it 

BBK10 

Moderate rickets 

tt 

shoyu oil 

0.5 mg 

BBL00 

rr 

tt 


tt 

BBL01 

Marked rickets 

tt 


ft 

BBN00 

Slight rickets 

tt 


tt 

BBN01 

tt 

tt 


0.1 mg 

BBR00 

Moderate rickets 

tt 


tt 

BBR01 

rr 

Advanced healing 


tt 

BBR02 

tt 

tt 


tt 

BBR10 

tt 

Complete healing 


1 m g 

AMF02 

Moderate rickets 

Complete healing 


tt 

AMF10 

Marked rickets 

Advanced healing 


tt 

AMG00 

Moderate rickets 

Complete healing 


tt 

AMG01 

Marked rickets 

tt 


0.1 mg 

AME02 

Moderate rickets 

tt 


tt 

AME10 

Marked rickets 

tt 


tt 

AMF00 

tt 

tt 

Irradiated 

tt 

AMF01 

Slight rickets 

tt 

sterol 

0.01 mg 

AMD02 

Moderate rickets 

tt 


tt 

AMD10 

Marked rickets 

Slight healing 


tt 

AMF.00 

Moderate rickets 

Complete healing 


tt 

AME01 

tt 

tt 


0.001 mg 

AMQ00 

tt 

Advanced healing 


tt 

AMQ01 

rr 

Slight healing 


rr 

AMQ02 

tt 

Advanced healing 


tt 

AMQ10 

Slight rickets 

Complete healing 


Discussion 

The sterol of shoyu oil was first examined by Jsujimoto and Ueno C2) 
and then by Fukai C3) . These investigators were all of the opinion that it 
was nothing but phytosterol. Fukai^ lately investigated more thoroughly 
on the sterol obtained from the oil of shoyu press-cake and was able to iso- 
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late two kinds of sterols. The one metled at 95^97°C and showed 
+ 20, and the other had m.p. of 137.5-~140°C and {V)JJ°=s — 44. Based on 
these facts as well as on the results of elementary analyses of the sterols he 
conjectured that coprosterol might be present in the former substance and 
ergosterol in the latter. 

The results of biological investigations conducted by us were found to 
be consistent with our spectrographical findings, which showed that in shoyu 
oil more than 1 % of ergosterol was present. It is rather surprising to find 
that shoyu oil contains ergosterol in such large quantities, which interested 
us to speculate on its origin. As above cited, the chief organic raw materials 
used for the brewing of soy sauce are soya bean and wheat in which oils 
are contained at about 18 and 2 % respectively. We previously proved that 
ergosterol was present in soya bean oil CJ5) at about 0.0005^0.001 % and in 
wheat bran oil at about 0.05-w0.1%. A mixture of equal parts of soya bean 
and wheat is therefore capable of supplying oil which contains ergosterol at 
a level of about 0.0055^0.011%, a great discrepancy in the ergosterol con¬ 
tent being thus found between the oil supplied by the mixture and shoyu oil. 
It is therefore reasonable to suppose that a greater part of ergosterol found 
in shoyu oil is derived from the sources other than these raw materials. 

The micro-organisms which participate in the soy sauce brewing, such 
as, aspergillus oryzae, various yeasts (chiefly zygosaccharornyces) and bacteria 
are shown by a number of investigators to contain ergosterol in their bodies. 
It is also shown by Takahashi and Lin Cf ° that aspergillus oryzae can syn¬ 
thesize ergosterol from the nutrient media containing no organic substances 
except sucrose. It is concluded from these facts and considerations that a 
major part of ergosterol in shoyu oil may be produced by various micro¬ 
organisms during the period of fermentation, only a minor part being derived 
from the raw materials. 

The following substances may be regarded as important raw materials 
which can be utilized for the commercial production of vitamin D preparations 
in Japan: b jer yeast, ergot, tane-koji or the culture of aspergillus oryzae, 
cotinellus shiitake, armillaria edodes, sake press-cake, wheat bran and rice 
polishings. The Dairen market price and ergosterol content of these materials 
as well as the cost of materials equivalent to 1 kg of ergosterol were compared 
with those of shoyu oil. These comparisons are shown in Table III, from 
which it must be admitted that shoyu oil is capable of supplying ergosterol 
much cheaper than any of the other substances above mentioned. We there¬ 
fore think that shoyu oil will be highly esteemed in the near future as one 
x>f the most valuaBle sources of bbtaining vitamin D in the orient. 
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Table III. 


Raw Material 

Price of ma¬ 
terial per kg 
(yen) 

Ergosterol 

content 

(*) 

Cost of mate¬ 
rial equivalent 
to 1 kg of er¬ 
gosterol (yen) 

Investigator 

Shoyu oil 

0.16 

1.0 -1.5 

10.7-16.0 

Authors 

Beer yeast (dry) 

2.67 

0.2 —0.4 

668—1,335 

Sumi, Authors 

Ergot 

4.00 

0.13 

3,077 

Hart and Heyl 

asp. oryz. (dry) 

— 

0.25 

— 

Takahashi and Lin 

Spores of asp. oryz. 

— 

0.08 

— 

Sumi 

Tane-koji (dry) 

2,50 

0.05 -0.08 

3,125-5,000 

Authors 

Cortinellus shiitake (dry) 

3.00 

0.26 

1,153 

Sumi 

Armillaria edodes (dry) 

2.70 

0.21 

1,286 

Sumi 

Sak6 press-cake (dry) 

0.45 

0.01 -0.02? 

2,250-4,500 

Takahashi and Lin 

Wheat bran 

0.03 

0.003-0.006 

500-1,000 

Authors 

Rice polishings 

0.04 

0.002—0.004 

1 ,000—2,000 

Authors 


Summary. 

(1) It was spectrographically estimated that several specimens of shoyu 

oil supplied by different soy sauce brewers contained ergosterol at a level of 
about and those of sterol isolated from the oil at about 16.7^20.0%. 

(2) Both shoyu oil and its sterol were shown to be rendered highly 
antirachitic by means of ultra-violet irradiation, daily doses of 1/10 mg of 
irradiated oil and 1/100 mg of irradiated sterol being sufficient to produce a 
constant healing of rickets in rats. 

(3) There are several evidences to indicate that a major part of ergo¬ 
sterol found in shoyu oil can be produced by aspergillus oryzae and other 
micro-organisms during the fermentation and only its minor part to be derived 
from the raw materials of soy sauce. 

(4) It is suggested that shoyu oil can be utilized as the cheapest source 
of ergosterol in Japan among the known substances containing ergosterol. 

Literature- 

(1) S. Izume, Y. Yoshimaru, and I. Komatsubara: J. Agr. Chem. Soc. Japan, 5, 422. (1929). 

(2) M. Tsujimoto and T. Ueno: J. Sue. Chem. Ind. Japan, 18, 1072, (1915). 
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Studies on Blood Pressure Decreasing Substances. 

Part I. The presence of blood pressure decreasing 
substances in yeast cell. 

By 

Masao Toki, Tohkichi Miyoshi and Nagao Uyeda. 

(Received April 17, 1933.) 

When dried yeast (Sac. cereviciae) is administrated orally per kg^ca. 0.05 
g to a rabbit the blood pressure is more or less decreased. 

This blood pressure decreasing 
activity is pronounced in some degree 
by extracting with organic solvents 
such as alcohol, acetone, ether etc. 
as shown in fig. I. 

It is proved also true in the 
case of ten different species of yeast 
as shown in fig. 2. 

The rise and fall of blood pres¬ 
sure afecting substances during the 
course of autolysis of fresh yeast is 
shown in fig. 3. Thus ; pure culture 
of Sac, cereviciae is subjected to 
autolysis in a thermostat regurated 
at 40°C., eight samples are taken 
in the course of a handred hours, 
and are dried in a vacuum desiccator 
under special care. Every sample 
is divided in two parts, one as it is 
(broken lines), another is extracted 
with alcohol to remove the soluble 
matters (full lines). It is noticeable that the effects of autolysates of different 
stages are very complicated while corresponding alcohol insoluble parts decrease 
the blood pressure of rabbit throughout the stages. 

It suggests intermediate formation of blood pressure increasing substance, 
with unstable nature, during the autolysis of yeast. 

Since it is impossible to avoid a certain degree of autolysis in preparing 
dried yeast in bulk, the obscurity of the effects of dried yeast on blood pres¬ 
sure become compfehensive. 



Fig. 1 Effects of dried yeast and its organic 
solvent insoluble part on the blood 
pressure of rabbit, per kg 0.05 g per os. 
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Fig. 2 Effects of alcohol insoluble part of 
dried yeasts of different species on 
the blocd pressure of rabbit, 
per kg 0.1 g per os. 



Autolysate. 

Alcohol insoluble part of 
autolysate. 


Eig. 3 Blood pressure affecting 
substances in the course 
of autolysis of fresh yeast. 
Rabbit; per kg 0.1 g per 
os. 


Studies on Blood Pressure Decreasing Substances. 

Part. 2. Yeast nucleic acid. 

By 

Masao Torn and Tohkichi Miyoshi 

(Received April 17, 1933.) 

Sodium nucleate. 

When an aqueous solution of sodium nucleate is administrated to a rabbit 
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Effects of aldopentoses on the blood pres¬ 
sure of rabbit, per kg 0.2 g J intraven. 
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by one of the means of intraven. inject., subctan, inject, per os or rectal in¬ 
stillation, the blood pressure is remarkablly depressed in every case (fig, 1). 

Hydrolytic products of nucleic acid. 

(1) Intermediate hydrolytic products. 

Both nucleotides and nucleosides decrease the blood pressure of rabbit 
when injected intravenously (fig. 2). 

(2) Final hydrolytic products. 

a) Bases. 

Adenin, uracil and cytosin have strong blood pressure decreasing activity 
while that of guanin is obscure (fig. 3). * 

According to the fact that two of the synthetic pyrimidins, 2,6-dioxy-5- 
nitro-pyrimidin and 2,6-dioxy-amino-pyrimidin, also decrease the blood 
pressure, it is likely to suppose that the blood pressure decreasing activity is 
an attribute of pyrimidins (fig. 4). 

b) Pentose. 

Unexpectedly, when an aqueous solution of 1-xylose is injected intravenous¬ 
ly the blood pressure of the rabbit is decreased and same result is observed 
in the case of d. 1-arabinose (fig, 5). The similarities of intensity of the effect 
and the shape of the curves suggest aldopentoses, including d-ribose, generally 
have blood pressure decreasing activity. 

c) Phosphoric acid. 

When an aqueous solution of sodium phosphate is administrated to a 
rabbit by one of the means of intraven. inject., subctan. inject., per os or 
rectal instillation a remarkable depression of blood pressure is observed in 
every case (fig. 6). 

Regarding to the biochemical importance an independent presice report 
concerning only to the phosphoric compounds will be contributed before long. 


Sterilising Action of Acids. Ill Report. 

Sterilising action of saturated monobasic fatty acids on 
putrifactive bacteria, Bac. typhosus and V. cholerae. 

(The Second Report.) 

By 

Sogo Tetsumoto 
(Received April 19, 1933.)' 

I reported in the preceding edition ct) concerning the sterilising action of 
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saturated monobasic fatty acids (from formic to capric) on putrifactive bacteria, 
Bac. typhosus and Vib. cholerae. Now I studied the effect of monobasic 
higher fatty acids, pH, anions and undissociated molecules conserning the 
sterilising action on microorganisms. 

(1) Reagents, rational formulae and pH. 

These are noted in next table. 




Table 

1. 


Numbier of , 
C atom 

Acids 

Rational formulae 

Molecular Weight 

piI of saturated 
solution 

C a 

Undecylic 

CII s (CII 2 )t,.C0 2 II 

186.231 

6.0 

C 12 

Lauric 

ch 8 (ch 2 ) 10 .co 2 ii 

200.250 

6.2 

Ch 

Myristic 

CH 3 (CH 2 ) 12 .COoH 

228.294 

6.2 

C 18 

Palmitic 

CH 3 (CHo) 14 .C0 2 H 

256.336 

6.2 

Cl 8 

Stearic 

CH 8 (Cir 2 ) 1(J .C0 2 H 

284.378 

6.2 


Each acids are soluble extraordinally small quantity in water. Accordingly 

I made saturated aqueous solutions at 20°C..saturated solution of undecylic 

acid and lauric acid = iV7100,000. myristic, palmitic and stearic acid ciV/lOO, 
000. pH of each acid is determined by Itano’s electric quinhydrone method. 
I could not get acids o/ 0 C 13> C 15 and C, 7 , so I could not study these acids. 

(2) Species of microorganisms and Performance of the experiment. 
About these, I took the same process as I reported in the preceding 

edition 0 * C5 °. 

(3) Sterilising action of saturated monobasic higher fatty acids. 

Results are shown in the following table. 


Table 2. Sterilising action of saturated aqueous solution of mono¬ 
basic higher fatty acids, (at 20°C). 


Surviving period 


Acids 


pH 


Staph, c. pyogen. 


Prot. vulgar., H. 


Bac. typhosus 


Vib. cholerae 




2 

3 

4 

8 

9 

11 

12 

Id 

13 

18 

h 

24 

d 

2 

3 

4 

5 

7 

8 

h 

2436 

d 

3 

5 

6 

8 

9 

10 


|m 

10115 

h 

2 

3 

6 

Undecylic 

6.0 

+ 

- 

— 

- 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

+ 

“ |- 

- 

- 

- 

Lauric 

6.2 

+ 

+ 

- 

- 

- 

- 

- 

- 

+ 

+ 

db 

- 

- 

- 

- 

- 

+ 

+ 

- 

- 

- 

- 

- 

- 

+ 

+ j- 

- 

- 

- 

Myristic 

// 

+ 

+ 

+ 

+ 

- 


- 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

- 

+ 

+ 

+ 

-f 

■ 

+ 

- 

- 

- 

+ 

+ l + 

+ 

- 


Palmitic 

ft 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ i + 

+ 

+ 


Stearic 

ft 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

4~‘ 

.+ 

+ 

+ 

- 

+ 

+!+ 

+ 

+ 

± 

Control 


+ 

+ 

+ 

+ 

- 

- 

- 

- 

+ 

+ 

+ 

+ 


± 

- 

- 

+ 


+ 

+ 

± 

- 


— 

+ 

H+ 

+ 

+ 

+ 


+ alive — perished ± sometimes alive and sometimes perished 
m.minute h.hour d.day 
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Namely concerning to the sterilising action, undecylic acid is stronger 
than any acid from C, 2 to C 18 on saturated aqueous solution at 20°C. 

Laurie acid (C 12 ) is weaker than undecylic acid. Acids of myristic to 
stearic have no sterilising action. And then acids of palmitic (C 16 ) and stearic 
(C 18 ) give good condition to alive to microorganisms comparing to the control. 

(4) Sterilising action at the same pH of saturated monobasic higher 
fatty acids. 

To see the relation between the sterilising action of each acid and pH, I 
made aqueous solution of pH 6,2 with each acid. 

The results are as shown in table 3. 

Table 3. Sterilising action at the same pH of saturated monobasic 
higher fatty acids. 

I Surviving period 


pH 6.2 

Staph. 

Ren. 

c. 

pyo- 

Prot. 

vulgar. 

II 

Bac. 

typhosus 

Vib. 

cholerae 





! 

! 

Id 

h 

Id 



I 


I 




d 



m 

h 


’ 


3 

4 

8 

9 

1213I 

36 

|2 

4 

5 

I 7 

8 

2 1 3 

6 

8 

9 

10 

10 

15 

90 

2 

3 

6 

Undecylic acid 

± 

- 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

* 1 - 

- 

- 

- 

- 

± 

- 


- 

- 

- 

Lauric " 

+ 

- 

- 

- 

- 

- 

+ 

± 

- 

- 

- 

- 

+ - 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

Myristic " 

+ 

+ 

+ 

- 

- 

- 

+ 


+ 

+ 

- 

- 

+ + 

+ 

- 

- 

- 

+ 

+ 

4- 

+ 

- 

- 

Palmitic " 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

1 

- 

+ + 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

- 

Stearic n 

+ 

+ 

+ 

+ 

+ 

~ 

-f 

+ 

+ 

+ 

+! 

- 

+ + 

+ 

+ 

+ 

- 

+ ' 

+ i 

+ 

+ 

+ 

- 

Control 

+ 

+ 

+ 

- 

- 


1 


+ 

:fc 


- 

+ + 

db 

- 

- 

- 

+ 

+ , 

1 

+ 

+ 

+ 


To make the solution of pH 6.2 with undecylic acid (pH 6.0), water of 
2/3 volume must be added to the saturated undecylic acid solution. 

Accordingly the molecular concentration of undecylic acid solution becomes 
diluent. Owing to this fact, the sterilising power of undecylic acid solution 
on each microoganisms becomes weaker. 

Notwithstanding, even if on the same pH, the sterilising power of undecy¬ 
lic acid (C n ) is the. strongest of all. Next to this, is lauric acid (C 12 ). Acids 
of palmitic (C 16 ) to stearic (C 18 ) have no sterilising power. But on Vib. chole- 
rae each acids have weak sterilising power. 

By these facts we know that the sterilising action of saturated monobasic 
higher fatty acids concern little about their pH. 

(6) Sterilising action of anions of saturated higher fatty acids. 

To ascertain the sterilising action of anions of monobasic higher fatty adds, 
I made saturated solution of Na, K, Ca and NH 4 salts having the same 
anions of acids. ^ Results of Na salts and K salts are nearly the same, so I 
denote he^e the results of Na salt only. Results are as shown in Table 4. 
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Table 4. Sterilising action of salts. (I) Na salts. 


Na-salts 


Surviving period 


Staph, c. pyogen. 



3 

4 

5 

17 

17 

13 

[d 

114 

2 

3 

4 

5 

7 

d 

8 

2 

3 

6 7 

8 

9 

d 

10 I 

10 

1 in 

20|30 

h 

3 

6 

undecylate 

4 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

4 

- 

i 

- 

- 

- 

4 

- 

- 

- 

- 

laurate 1 

4 

+ 

- 

- 

- 

- 

- 

4 

± 

- 

- 

- 

- 

4 

+ 

__i_ 

- 

- 

- 

4- 

4- 

- 

- 

- 

myristate 

+ 

4 

4 

+ 

4 

4 

- 

4 

4 

4 

4 

- 

- 

4 

4 

+!• 

4 

- 

-j 

4 

4- 

4- 

4 

- 

palmitate 

4 

4 

+ 

4 

4 

4 


4 

+ 

4 

4 

4 

- 

4 

4 

1 k 

4 

4 

- 

4 

4 

4 

4 

- 

stearate 

4 

4 

1 

4 

4 

4 

- 

4 

4 

4 

4 

4 

- 

4 

4 

'+ki 

4 

4 

- 

4 

4 

4' 

4 

- 

Control 

4 

4 

4 

4 

- 

- 

- 

4 

4 

+ j 

db 

- 


+ 

4 

db|~, 

- 

— 

- 

4 

4* 

4- 

4- 

4- 


Prot, vulgar. H 


Bac. typhosus 


Vib. chole¬ 
ra® 


(II) Ca salts. 


Surviving period 


Ca salts 

Staph. 

c. 

pyogen. 


Prot. 

vulgar. 

II 


Bac. typhosus 

Vib. 

cholerae 

3 

4 

5 

' 1 

8 9 

Ill 

d 

12 ! 

h 

36 

d 

2 

3 

4 

5 

6 

7 

8 

2 

3 

5 

6 1 

8 1 

9 

d 

10 

1 1 

10 |20i 

m 

30 

h 

2 

3 

6 

undecylate 

4- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

- 

\±\ 

- 

- 

- 

- 

- 

laurate 

4* 

4- 

- 

- 

- 

- 

- 

4 

4 

- 

- 

- 

- 

- 

- 

4 

4 

- 

- 

- 

- 

- 

4 

4 

- 

- 

- 

- 

myristate 

4- 

•4- 

4- 

4- 

4 

- 

- 

4 

4- 

4 

4- 

4 

4 

- 

- 

4 

4 

4 

4 

- 

-j 

- 

4 

4 

4 

4 

4 

- 

palmitate 

4 

b 

4 

4 

4 

± 

- 

4 

4 

4 

{- 

4 

4 

4 

- 

4 

1 

4 

4 

4 

4 

- 

4 

4- 

4 

4 

4 

- 

stearate 

4 

-L 

4 

4 

4 


- 

_i_ 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

i 

4 

- 

4 

!' 

4 

4 

4 

- 

Control 

4- 

4- 

4 

1 

- 

- 

- 

4- 

4- 

4- 

4 

rb 

- 

- 

- 

1- 

4 

4 

± 

- 

— 

— 

f 

4 

4 

4 

4 

4- 


(III) NH 4 salts. 


Surviving period 


NH 4 salts 

Staph. 

c. 

pyogen. 

Prot 

. v^gar 

. II 

Bac, typhosus 

Vib. cholerae 








d 



I I 



d 

! 





1 

«* 

1 

1 

1 

m 

hi 




3 

4 

si 

8 

I 9 

|l3 

14 

2 

3 

14! 5 

7 

8 

9 

2 

3 

4 

6 | 

7 lOilll 

15!20'30| 

45 

3! 

6 

_9_ 

undecylate 

4- 

- 


- 

- 

- 

- 

4 

- 

1 

- 

- 

- 

4 

- 

- 

- 

- 

- 

- 

4- 

- 

- 

- 


i_ 

- 

laurate 

4 

4- 


- 

- 

- 

- 

4 

4 

__ l__ 

- 

- 

- 

1 

4 

- 

- 

- 

- 

- 

4- 

4 

4 

— 

- 

- 

- 

myristate 

4 

1 

4 1 

4, 

4 

- 

- 

1 

4 

+|k 

1 

— 

- 

4 

4 

4 

4 

4 

- 

- 

4- 

4 

4 

4 

4 

-j 

- 

palmitate 

4 

b 

4 

i- 

4 

1 

- 

1 

4 

+!+ 

4 

4 

- 

4 

4 

4 

4 

4 

4 

- 

4 

4 

4 

4 

4 

4 

- 

stearate 

4 

4 

4 

4 

4 

4 

- 

4 

4 

-4 

4 

4 

- 

4 

4 

4 

f 

f 

4 

- 

4 

4 

4 

4 

4 

4 

- 

Control 

4 

4 

4- 

i 


- 

- 

4 

4 

+ :± 

- 

- 

- 

4' 

4 

4 

± 

- 

- 

- 

4 

4 

4 

4 

4 

4 

4 


From the results of Table 4 we find the following facts. 

Anions of saturated monobasic higher fatty acids have weak sterilising 
action from caprylic (C 8 ) to lauric (C 12 ). But anions of myristic (C 14 ) to stearic 
(C 18 ) have no sterilising action respectively. But on Vib, cholerae anions of 
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each acids have weak sterilising action. 

The results of Na salts, and NH^ salts are nearly the same. But if we 
compare in detail, we know that on NH 4 salts microorganisms survive longest 
and on Ca salts they perish shortest. 

(7 ) Sterilising action of undissociated melecules. 

If we compare the results shown in Table 1 and Table 3, we know that 
the stearilising power of undecylic acid (C n ) and lauric acid (C, 2 ) is stronger 
than their salts respectively. And that their pH has almost no sterilising 
power. By above facts it is found that the sterilising action of undecylic 
acid and lauric acid is due to the undissociated molecule besides their anions. 

Undissociated molecules of myristic (C 14 ) to Stearic (C I8 ) have*no steri¬ 
lising power. But on Vib. cholerae all these acids have weak sterilising power. 

I express my profound thanks to Dr. Y. Tohyama and Dr. S. Kojima 
for their kind advice on this experiment. 

Summaries- 

I studied the sterilising action of saturated monobasic higher fatty acids 
from undecylic (C n ) to stearic (C 18 ) on putrifactive bacteria, Bac. typhosus and 
Vib. cholerae. 

These acids are soluble extraordinally small quantity to water, So that 
I studied on their saturated aqueous solution at 20°C.. 

Results are as follows 

(1 ) On the saturated watery solution of acids at 20°C, undecylic (C n ) 
to stearic (C 18 ), the sterilising action of undecylic acid is the strongest, lauric 
acid is the next. Acids of myristic (C 14 ) to stearic (C, 8 ) have no sterilising 
power. These acids give rather good conditions to the microorganisms to 
alive comparing to control. 

But for Vib. cholerae, all these acids show weak sterilising action. 

(2) On the sterilising action of these acids, pH concerns little. 

(3) Anions of acids C„ and C 12 have weak sterilising power. But anions 
of acids C 14 , C 16 and C 18 , have no sterilising power. 

(4) Among salts of Na, K, Ca and NH 4 , NH 4 salts are weakest of all 
concerning to the sterilisation. 

(5) On the sterilising action of undecylic acid and lauric acid, undis¬ 
sociated molecules have also remarkable effect. 

References* 

(1 ) S. Tetsumoto: Bui. of the Agr. Chem. S. of Japan, Vol. 8, (1932). 
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Studies on the Germination of Seeds. Part III. 

Organic Bases of the Seeds, and Seedlings of Soy-Bean 
Germinated in a Dark Room. 

By 

Shftiku Sasaki 

(From the Biochemical fjaboralory. Department of Agriculture, KyfiM Imperial University .) 

(Received April 21, 1933.) 

Several organic bases contained in the seeds and seedlings of the soy¬ 
bean were already detected by E. Schulze a) and K. Yoshimura 00 . Their 
investigation were not, however, exhaustive, and the results seemed different 
on many points. In view of this, I deemed it not only desirable, but also 
high interesting to make further research on this subject and to determine 
definitely, if possible, what variation of bases in the seed may occur during 
germination, and has done so. The results achieved are briefly reviewed in 
this paper. 

A- Seeds. 


(1 ) Specimen. 

The kind of specimen used was the white autumn seeds produced in Korea. 
The results of the general analysis are shown as follows. 


Water.11.2 % 

Crude fat .16.6 

Total nitrogen . 7.03 

Allbuminous nitrogen . 6.48 

Non-albuminous nitrogen . 0.55 

A. Nitrogen precipitated by lead acetate. 0.16 

B. Nitrogen precipitated by phoschotungstic acid after 

removing the nitrogen A, . 0.24 

C. Remaining nitrogen. 0.15 


(2) Seperation of Bases from Other Substances in the Seeds. 

5 kg of the seeds were ground, fat and allied substances were extracted 
off by ether, and the residue was ground again. The fine powder was ex¬ 
tracted five times with 15 L of slightly acetated hot water. The extract was 
clarified with neutral and basic lead acetate and evaporated to 4 L under 
diminished pressure, and the bases were precipitated by phosphotungstic and 
•sulphuric acids. The Precipitate was decomposed by baryta, and the excess 
of baryta was removed by C0 2 gas. 
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(3) Precipitate by Silver Nitrate (Purine Bases). 

The solution of bases was neutralized with nitric acid and precipitated by 
silver nitrate. The precipitate was treated with hydrochloric acid, and then 
subjected to the usual method. Two kinds of hydrochloride were resulted, 
namely, adenine and guanine hydrochloride, and these were separated by 
means of fractional crystallization. The adenine and the guanine were identi¬ 
fied as their chloraurates, picrates, and by the colour reactions. 

(4) Precipitate by Silver Nitrate and Baryta (Arginine Fraction). 

The filtrate from the precipitate by silver nitrate was treated with more 
silver nitrate and an excessive quantity of baryta. The precipitate was de¬ 
composed by sulphuric and hydrochloric acids, and the free bases were* obtained 
by the usual method. 

(a) HistidineThe solution of bases was saturated with C0 2 gas, and 
mercuric chloride was added to it. The precipitate was decomposed by H 2 S. 
After removing mercuric sulfide and clarifying it with tannic acid, crystals of 
histidine dichloride were obtained by the usual method. This chloride was 
verified by its chlorine content and colour reactions, and it was identified, 
also, as its picrate, picrolonate, and mono-chloride. 

(b) Arginine From the filtrate of the precipitate by mercuric chloride, 
mercury was removed as sulphide, and arginine was obtained as frabianate. 
It was identified as its nitrate and copper nitrate. 

(5) Filtrate of the Precipitate by Silver Nitrate and Baryta (Lysine 
Fraction). 

From the filtrate of the precipitate of the arginine fraction, silver and 
barium were removed, and the hydrochloride of bases was obtained by the 
usual method. It was evaporated to dryness and treated with methyl alcohol 
to remove a large amount of potassium chloride. The solution of methyl 
alcohol was evaporated to dryness once more and divided into the following 
two parts by means of cold anhydrous ethyl alcohol. 

(a) CholineThe soluble part in ethyl alcohol was treated with alco¬ 
holic solution of mercuric chloride. The precipitate was filtered and decom¬ 
posed by H 2 S, and hygroscopic crystals of choline chloride were obatined by 
drying. It was identified as its chloraurate and chlorplatinate. 

(b) Trigonelline The insoluble part in ethyl alcohol contained trigonel¬ 
line. It was identified as its normal and basic chloraurate, chlorplatinate, and 
picrate. In this part, the presence of another base was revealed by chlorau¬ 
rate, but on account of the small quantity of it available, further identification 
was not performed. 

B. Seedlings* 

(1) Specimen. 

In this experiment two kinds of soy-beans were used, namely, white avivmn 
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seeds produced in Korea and yellow summer seeds produced in Kagoshima, but 
the procedures of analysis of the two were exactly same. 

Well-selected seeds were sown in a dark room. After 12 days the young 
plants, having stems and roots of from 12 to 18 cm, were plucked out. There 
were almost no decayed plants, and the specimens were selected with strict 
care. The results of the genaral analysis are shown as follows. 


Water-.87 % 

Dry matter .13 

In dry matter 

Crude fat .10.5 

Total nitrogen . 7.53 

Albuminous nitrogen . 4.26 

Non-albuminous nitrogen . 3.27 

A. Nitrogen precipitated by lead acetate. 0.40 

B. Nitrogen precipitated by phosphotungstic acid after removing 

the nitrogen A. . 0.96 

C. Remaining nitrogen. 3.91 


(2) Separation of Bases from Other Substances in the Seedlings. 

The seedlings, plucked out, selected and washed, were ground at once 
and extracted with slightly acetated hot water. The following process emp¬ 
loyed with two cases (3 and 4) were exactly the same as those stated in the 
preceding paragraphs and are, therefore, not repeated here. 

(3) Precipitate by Silver Nitrate (Purine Bases). 

(4) Precipitate by Silver Nitrate and Baryta (Arginine Fraction). 

(5) Filtrate of the precipitate by Silver Nitrate and Baryta (Lysine 
Fraction). 

The bases of this fraction were, as in the case of seeds, made to the 
hydrochloride, treated with methyl alcohol, and divided into the following 
two parts by means of cold anhydrous ethyl alcohol. 

(a) The insoluble part in cold anhydrous alcohol (Cadaverine). In 
this part I isolated a large amount of cadaverine and identified it as its chlor- 
aurate, chlorplatinate, and picrate. 

(b) The soluble part in cold anhydrous alcohol (Cadaverine and cho¬ 
line). The alcoholic solution was clarified with alcoholic solution of mercuric 
chloride, and separated into cadaverine and choline by means of chloraurate 
and chlorplatinate, for the chloraurate of cadaverine is more soluble in water 
than that of choline and the chlorplatinate of choline is more soluble in water 
than that of cadaverine. These substances were identified as their several salts. 

In this experiment I accertained that Stanek’s reagent for choline 0 ^ could 
not be used successfully for isolating choline from the mixture of choline and 
cadaverine, because cadaverine is also prccipitable with this reagent. 
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C. Summary and conclusion 

(1 ) Adenine, guanine, histidine, arginine, trigonelline, choline, and a 
small quantity of an unknown base were isolated from soy-bean seeds; and 
adenine, guanine, histidine, arginine, choline and cadaverine from its seedlings. 
I obtained these substances quantitatively as far as possibly could. The 
results of the experiment are shown in the following table setting them side 
by side with those of Schulze and Yoshimura. 


Table 1. 



Schulze 

Yoshimura 


Sasaki 

* 

Seeds 

Seedlings 

Seeds 

Seedlings 

seeds 

A** 

Seedlings 

A** 

B** 

Adenine 

— 

— 

0.02 

present 

0.10 

0.55 

0.42 

Guanine 

— 

— 

— 

present 

0.06 

0.12 

0.08 

Histidine 

— 

present 

present 

— 

0.08 

1.60 

2.01 

Arginine 

0.33 

increase * 

0.07 

— 

1.40 

3.33 

— 

Choline 

0.61 

1.47 

0.08 

present 

1.33 

1.40 

1.71 

Trigonelline 

— 

— 

0.01 

— 

0.05 

present? 

— 

Betaine 

present ? 

— 

— 

present 

— 

— 

— 

Cadaverine 

— 

— 

— 

— 

-— 

! 1.22 

1.16 

An unknown base 

— 

present ? 

— 

— 

0.16** 

_ 

— 


Remarks : - 


(1) All figures in the table represent g. of bases isolated from 1kg of seeds by calculation. 

(2) Schulze stated only “increase by germination”, bat did not gave any figures to the 
amount of arginine in seedlings (* mark). 

(3) The figures in the raw under the A** marks above are taken from the result of the ex¬ 
periment with the white autumn seeds produced in Korea, and those in the B** mark 
obtained from that with the yellow summer seeds produced in Kagoshima, Japan, 

(4) The figure 0.16*** are represent the amount of chloraurate of an unknown base. 

(2) It will be noted that adenine, guanine, arginine and histidine in¬ 
crease in quantity during germination, and markedly so with histidine. 

(3) Choline does not so much increase during germination as Schulze 
set forth. 

(4) A little quantity of trigonelline is found in seeds, but the presence 
of it in seedlings is questionable. 

(5) Cadaverine is contained in large quantities in the seedlings. It has 
not been detected in any higher plant, so far as known. 

(6 ) Stanek's reagent for choline dose not meet the purpose when cada¬ 
verine is present s 

(7) An unknown base contained in the seed was isolated, but its veri- 
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fication had not been carried out, because the quantity obtained was so small 
that it was impossible. 
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On the Natural Pigments of Raw Silk Fibre 
of the Domestic Cocoon. (Part V). 

Detection of Violaxanthin in the yellow Cocoon. 

By 

Masami Oku 

(From the Chemical Laboratory of Qunze Raw SHk 
Mfy. Co. lJd. t Ayabe-mati , Ky&to-hu , Japan.) 

(Received March 27, 1933.) 

The natural yellow pigments of the domestic yellow cocoon were hitherto 
identified by the author as chiefly constituted of xanthophylls, from which cry¬ 
stalline pigment was isolated and identified as lutein (m. p. 193°). The 
mother liquor of lutein, however, has yet the tinge of deep orange red and 
deemed me the presence of another more oxygen containing pigment than 
lutein. I have examined the presence of violaxanthin (C 40 H*.O 4 ) in this frac¬ 
tion and isolated it in minor quantity in the crystalline state, in major in the 
resinous substance and identified it as violaxanthin, taking advantage of its 
color reaction against several reagents, comparing with lutein (C 40 II M CX) and 
fucoxanthin (C^IT^Og). 

Experimental. 

Procedure of isolation. 

To the methanol mother liquor of lutein (of Chinese No. 7 yellow 

species) was added petroleum benzin (b. p. 70^80°) and as much water as 
adjusting the concentration of methanol to 70 <y 0 , rejecting minor quantity of 
crystals of lutein thereby formed. Then the upper layer of petroleum benzin 
containing xanthophylls was separated and again agitated with 70^6 methanol 
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and again separated the upper. This petroleum benzin solution was washed 
with water and dehydrated and brought to the chromatographic analysis as 
Tswett given, taking calcium carbonate as adsorbent. The chromatogram 
there formed was differentiated into three zones, showing the major part of 
xanthophyll adsorbed near the top of the adsorbent. This top zone of the 
chromatogram was taken out and extracted with pure methanol. Methanol 
solution was again submitted to the fractionation with petroleum benzin and 
70% methanol and chromatographic analysis followed as already given. 
The top zone of the chromatogram was extracted with ether, ether evaporated 
and the residue was repeatedly recrystallized from pure methanol from which 
very minute amount of pigment was separated which melts at J85°,*leaving 
the major in the resinous state. 

Identification of violaxanthin. 

(1) Solventreadily soluble in CHC1 3 , ether, soluble in methanol, 
ethylalcohol, CS 2 , insoluble in petroleum ether. 

(2) Absorption spectrum three absorption bands were perceived which 
coincide with those of violaxanthin, 

(3) Behavior toward alkali treatment:- showed resistance toward 50% 
alcoholic potash solution and showed no change or its absorption spectrum 
which proved to be distinguished from fucoxanthin. 

(4) Color reactionether solution of the pigment was treated with 
following reagents and observed color reaction thereby occurred. 


(a) HC1 

18% HC1.showed no coloration 

19% " showed indigo blue ring a little later 

20.5% " " " " " immediately 

22% " " " " " momentary 

25% " " " " " strongly & momentary 

(b) Formic acidto the crystal was added cone, formic acid, when 


there developed green color first, then dissolved changing to indigo blue 
coloration. 

(c) Picric acidether solution of picric acid was added which re¬ 
sulted olive color after two minutes, yellowish green after ten minutes, which 
is yery stable even later. 

(d) Glacial acetic acidyellowish first, indigo blue afterward. 

(5) Fractional distribution between 70% methanol and equivalent mix¬ 
ture of petroleum ether and ethyl ethera part of the pigment was ex¬ 
tracted from the later with the former. 
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On The Natural Pigments of Row Silk Fibre 
of The Domestic Cocoon (Part VI). 

Fading of the Yellow Cocoon. 

By 

Masami Oku 

(From the Chemical laboratory of Chime Raw Silk 
Mjg, Co, Ltd,, Ayabe-mali , Kybto-hu, Japan,) 

(Received March 27, 1933.) 

Yellow cocoons are faded by the drying process and during their storage. 
They have, on the other hand, characteristic stimulant odor, so-calld "yellow 
cocoons* odor”. The cause of these facts was searched and verified it as 
resulting from the oxidation of xanthophylJ, which is the main yellow pigment 
of the yellow cocoons. 

Experimental. 

(1) Oxidation of xanthophyll. 

When lutein (C^H^Og) (m. p. 193°) of the yellow cocoon was exposd to 
the current of oxygen, its yellow tinge was faded and increased in weight 
gradually, combining with oxygen atom. After 90 days exposure, it was 
increased in weight by 35 95 and a composition of CqH^.Oj., melting near 
about 90°. This oxidized lutein showed no more absorption spectrum as is 
characteristic to xanthophyll. 

(2) Fading during storage. 

Yellow cocoons showed no remarkable fading during storage in carbon 
dioxide atmosphere even after 150 days, while these showed as much as 13 
% fading in oxygen atmosphere after the elapse of the same days. 

(3) Fading by drying process. 

When fresh yellow cocoons were dried for 4 hours at 70°, they lost the 
yellow tinge as much as 1395. 

(4) Presence of xanthophyll on the way of oxidation. 

The natural yellow pigments present in the mother liquor of crystalline 
lutein showed the average composition of C 40 H w O 6 ^O 7 , which deemed me the 
substance was xanthophyll on the way of oxidation. 

( 6) "Yellow cocoons* odor**. 

^anthophylls both on the way of oxidation and after being utterly oxi¬ 
dized have a violet-like odor, peculiar to the yellow cocoon. Depression of 
the melting point and increase in volatility by the oxidation of xanthophyll 
elqpdate its smelling power greatly. 
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On the Chemical Constituents of Rice-embryo. 

By 

Riang-Ha Kjmm and (the late) Taro Noguchi. 

(Received March i f 1933.) 

Rice-embryo constitutes only 3 o/ 0 by weight of the whole grain and it is 
very difficult to separate from it in a pure state in large quantities, so its 
chemical composition has not yet been studied thoroughly. 

In 1912, Luigi Bernardini c ^ reported on the analysis of the ash and the 
distribution of phosphoric acid in different forms in the embryo and he pointed 
out that the embryo is very rich in phosphoric acid of which the greater part 
is in the phytin-form. 

M. Hamada (2) isolated protein from the embryo, determined the distribu¬ 
tion of amino acids in its hydrolytic products and demonstrated by feeding 
experiment that the protein in the embryo has a very high nutritive value. 
Later, Hirai 00 investigated the ethersoluble substances of the embryo and 
isolated palmitic, oleic and linolic acids as the chief constituents of fats. 
Further, from the unsaponifiable fraction, he obtained the so-called Burian’s 
phytosterol, besides a mixture of sterols which was readily soluble in organic 
solvents. From its high melting point (144°C) and low rotatory power (—23°) 
it was assumed by him to contain a dihydrositosterol. 

Quite recently, the rice-polishing factories, Munecliika and Niko & Co. 
have independently invented new polishing machines by which the embryo 
can be easily separated from the grain in an intact state and large quantities 
of these samples were kindly supplied by these factories to the present authors 
for investigation. 

These samples, when carefully refined, looked quite homogeneous and 
were absolutely free from crushed grains, brans or other impurities. They 
contained in average 24 % fatty matter, including about 1.2 96 unsaponifiable 
substances, besides a little waxes and a phytosterine-glucoside (phytosterolin). 
The waxes chiefly consisted of melissyl cerotate. Of the fatty acids, 25 o/ 0 
were saturated and 75 o/ 0 unsaturated acids. From the saturated acids, palmitic, 
arachidic, and cerotic acids were isolated and identified; further, the presence 
of a little myristic and stearic acids were proved. The unsaturated acids 
consisted almost exclusively of oleic and linolic acids. The absence of other 
higher unsaturated acids was confirmed by the examination of the bromination 
products. 

The unsaponifiable matter was treated with aceton and absolute alcohol 
and separated into two parts, i. e. a white amorphous powder (80^) and a 
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brown viscous syrup (20 o/ 0 y The former gave strong Liebermann reaction for 
sterine and the characteristic reaction for ergosterine. By repeated recrystal¬ 
lization from various organic solvents, some melissyl alcohol, a small amount 
of dihydrositosterine, stigmasteiine and the so-called Anderson’s y-sitosterine 00 
were isolated and identified. The existence of a little ergosterine was con¬ 
firmed by converting it into vitamin D by irradiation with ultraviolet rays. 
Futher, the mother liquor of the above substances was fractionally crystallized 
from hexane and a new sitosterine (m. p, 156°C, (V] D == — 14.49°) was isolated. 
It was converted into an acetate (m.p. 111°C, [V)d= —9.68°) and a benzoate 
(m.p. 129°C, (V)d= +14.48°). This new sterine is comparatively soluble in 
light petroleum ether and more readily in hexane and other organic solvents. 
The so-called Anderson’s a-sitosterine c4:) , which was presumed by him to exist 
in rice polishing oil, is most probably the mixture of various sterines. 

A cerebroside-like substance was also detected in the ether extract of 
the embryo. Probably it is the same as that obtained by W. Trier (5 ^ from 
rice grain. The nature of this substance will be investigated later on. 

The authors have thus confirmed that the composition of the embryo oil 
closely resembles that of the polishing oil, 

Experimental. 

(I) General composition of rice-embryo . 

The composition of the purified embryo, supplied from tne Niko & Co., 
is compared with that reported by each of Sawamura and Hamada in the 
following table: 



J Present authors 

Sawamura 

Hamada 

Moisture 

9.83 

5.73 

10.41 

Crude protein 

21.26 

24.30 

20.76 

Protein 

18.10 

— 

17.56 

Crude fat 

23.87 

21.05 

20.66 

. Fibre 

3.48 

9.77 

10.11 

N-free extract 

33.76 

25.68 

27.82 

Ash 

9.09 

13.47 

10.24 

Pentosan 

5.— 

-* 

— 

Carbohydrate 

21.— 

13.— 

— 


The composition of the ash is compared with that of Bernardini- 0 as follows: 
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Present 

authors 

Bernardini 


Present 

authors 

Bernardini 

Po0 5 

5.020 

6.200 

MgO 

1.104 

1.389 

SiOo 

0.370 

0.250 

Mn 3 0 4 

0.012 

trace 

Fe 2 0 3 

0.064 

0.060 

k 2 o 

2.022 

1.691 

CaO 

0.312 

0.279 

Na 2 0 

0.196 

trace 


Bernardini moreover determined the distribution of phosphoric acid in 
the embryo and in the whole grain, with the following results: 


PoO B in form of 

Embryo 

Seed 

In 100 parts of 
dry matter 

In 100 parts of 

total PnOr, 

In 100 parts of 
dry matter 

In 100 parts of 
total K 2 O fl 

Lecithin 

0.04 

0.64 

0.003 

0.35 

Phosphatides 

0.22 

3.54 

0.018 

1.86 

Phytin 

5.14 

82.90 

0.436 

45.68 

Inorganic salts 

0.04 

0.64 

trace 

— 

Nucleic acids 

0.76 

12.28 

0.502 

52.61 

Total 

| 6.20 

100.00 

0.950 

100.00 


The above table shows that the embryo is very rich in phospooric acid 
of which the greater part is in the phytin-form. 

(ii) Chemical properties of the embryo oil . 

The chemical constants of the embryo oil, extracted from the above sam¬ 
ple with ether, are compared with the result obtained by Hirai 00 and with 
that of polishing oil, reported by Takahashi (6) : 



Embryo oil 

Polishing Oil 

Present authors 

Ilirai 

Takahashi 

Acid value 

26.5 

29.74 

14.36 

Saponification value 

183.0 

212.19 

183.54 

Acetyl value 

10.6 

— 

— 

Iodine value 

114.8 

106.63 

104.73 

Ilehner value 

93.2 

95.16 

95.95 

Reichert-Wollny value 

0.4 

2.05 

0.73 

Unsaponihable matter 

5.28# 

4.00# 

3.40# 


The fatty acids obtained by saponifying the embryo oil with alcoholic 
potash in the usual way had the following constants: 
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m. p. 31~-34°C; Acid value 196.3 ; Iodine value 109.9; 

Mean molecular weight 283; Liquid fatty acids 75/£. 

(Ill) Phytostei'olin ( phytosterine-glucoside ). 

When the etherial extract of the rice-embryo was left standing for se¬ 
veral hours, a brown precipitate separated out, which when recrystallized from 
amyl alcohol formed white needles melting at 283-w290°C and gave the 
Liebermann’s sterine reaction as well as the Molisch’s reaction for sugar. 
From the analysis as well as from other properties, this substance was proved 
to be identical with the phytosterolin isolated from wheat-embryo by Nakamura 
and Ichiba ( °. 

Analysis of the phytosterolin from rice-embryo: 

Substance (mg) Cf) 2 (mg) IIoO (mg) C {%) II {%) 

I 3.752 10.005 3.464 72.73 10.33 

II 3.711 9.847 3.415 72.37 10.29 

Calculated for phytosterolin (C^Hs/^) 72.30 10.20 

Like other sterines, this substance forms an acetate melting at 167^168°C. 

Analysis of the acetate: 

Substance (mg) C0 2 (mg) H O (mg) C (%) II {%) 

4.378 11.059 3.503 68.90 8.95 

Calculated for C l4 II fi| O l0 68.67 6.94 

It forms also a benzoate melting at 198°C. 

Analysis of the benzoate: 

Substance (mg) C0 2 (mg) ILO (mg) C {%) H {%) 

3.131 8.726 2.169 76.01 7.75 

Calculated for C G1 II 7 ,O ,0 75.90 7.52 

(IV) Separation of saturated fatty acids. 

Rice-embryo (1.5 kg) was boiled with 3.5 litres of 90^6 alcohol for three 
hours, filtered while hot and the residue was extracted three times each with 
2.5 litres of 90*4 alcohol. The combined extract was allowed to stand over¬ 
night, whereby a flocky precipitate separated out which chiefly consisted of 
waxes. It was filtered off and the filtrate was evaporated in vacuum and the 
residue was extracted with ether. The etherial extract was, after evapora¬ 
ting off the ether, saponified with alcoholic potash according to the usual 
method. From the mixed fatty acids thus obtained the solid saturated acids 
were separated by Tortelli Ruggeri’s method. They had the following 
properties: 

m. p. 60^61°C; Mean molecular weight 270; Acid value 208; 

Iodine value 5. 

The solid acids were now mixed with sand and dried on a waterbath 
for ten days and extracted with ether. The etherial solution was evaporated, 
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the residue was again dissolved in petroleum ether, filtered, and the filtrate 
was evaporated, whereby, 100 g saturated acids were obtained. 

For the isolation of each fatty acid, the above acid mixture was conver¬ 
ted into methyl ester and subjected to fractional distillation. For this purpose 
the mixture was dissolved in 220 cc methyl alcohol, treated with dry HCl 
gas until the solution absorbed about 8 g of the acid and after heating for 
two hours on a water-bath the solution was shaken with ether. The etherial 
extract was, after washing with water to remove the methyl alcohol and 
hydrochloric acid, fractionally distilled under diminished pressure (8 mm). In 
this way the following fractions were obtained: 


Fraction 

Temperature (°C) 

Yield (g) 

I 

160~176 

1.5 

II 

176—186 

80.5 

in 

186—213 

7.2 

TV (residue) 

I 

15.5 


Each fraction was now saponified and free fatty acids thus regenerated 
had the following constants: 



Yield (i») J 

Acid value 

Mean mol. Wt. 

m. p. (°C) 

I 

1.2 

220.6 

254.2 1 

53-54 

II 

75.0 

216.8 

258.7 

58—59 

in 

6.5 ' 

212.8 

263.6 

59—60 

IV 

12.3 

— 

— 

— 


The fraction I was recrystallized from 90 o/ 0 alcohol and the residue from 
the mother liquor, after evaporating the alcohol, was recrystallized twice from 
80 o/ 0 alcohol. Again, the residuals from the combined mother liquors were 
recyrstallized twice from 70^ alcohol. Then, evaporating off the combined 
mother liquors, the residual was dissolved in hot 10% alcohol, decolorized 
with animal charcoal and allowed to stand overnight. Thereupon, a crystalline 
precipitate separated out which melted at 54°C and had the mean molecular 
weight 234, Most probably it was myristic acid containing some impurities. 

The fraction II, when recrystallized four times from 95^6 alcohol, melted 
at 62^63°C and had the acid value 218.8 and the mean molecular weight 
256.3. The analysis gave the following results: 


Substance (mg) 

C0 2 (mg) 

H*0 (mg) 

c (%) 

II {%) 

l 4.315 

11.900 

4.853 

75.22 

12.58 

II *4.001 

11.000 

4.487 

74.98 

12.55 

\ Calculated for C l6 


74.92 

12.59 
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The analysis shows that it was palmitic acid. 

The fraction III was coloured slightly yellowish, so it was dissolved in 
alcohol and after being decolorized with animal charcoal, recrystalllzed fifteen 
times from absolute alcohol. The crystals thus obtained melted at 59~~61°C 
and had the acid value 197.8 and the mean molecular weight 282. It was 
proved to be a mixture of stearic and palmitic acids, but the yield was too 
small for further purification. 

The fraction IV was dissolved in 500 cc absolute alcohol and allowed 
to statld for 48 hours. The precipitate formed thereby was collected and 
washed with absolute alcohol: the yield, 3.4 g. After recrystallization from 
absolute alcohol eight times more, the crystals obtained melted at 76.5^ 
77.5°C with the acid value 141.1 and the mean molecular weight 398.2. The 
analysis gave the following results: 



Substance (irg) 

COo (rug) 

IU) (mg) 

C {%) 

11 (%) 

T 

3.903 

11.209 

4.533 

78.33 

12.99 

II 

3.587 

30.301 

4.250 

78.33 

13.25 


Calculated for C« 6 H 6 «0 2 

78.61 

33.13 


The analysis shows the agreement with cerotic acid. The filtrates of 
cerotic acid were united, evaporated and the residue was recrystallized three 
times from absolute alcohol. The fatty acid obtained in this way had the 
melting point 76°C and the mean molecular weight 318. From this it was 
concluded that arachidic acid was present; but it could not be purified. 

The mother liquor of fraction IV was diluted to 90 alcohol, the preci¬ 
pitate formed thereby was dissolved by heating and allowed to stand for 
three days, when the precipitate was collected, recrystallized from 90^ alco¬ 
hol and the filtrate therefrom was evaporated and the residue was recrystal¬ 
lized from 90^6 alcohol five times. The fatty acid thus obtained was long 
needles melting at 79.5^80°C with the acid value 164 and the mean mole¬ 
cular weight 342. 

Analysis of the fatty acid: 



Substance (mg) 

C0 2 (mg) 

II 2 0 (mg) 

C(*) 

H (*) 

I 

4.374 

12.429 

5.121 

77.50 

13.10 

II 

4.942 

14.031 

5.716 

77.43 

12.94 


Calculated for C^H^Oo 

77.57 

13.03 


The analysis shows the substance to agree with behenic acid. 

(V) Bromination of umaturated foity acids . 

Unsaturated fatty acids (150 g) were brominated in usual way and the 
bromination products were digested with 2 L of boiling petroleum ether (35*w 
66 0 C), whereby a clear solution was obtained leaving no insoluble residue. 
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On standing overnight, 73 g of solid bromides separated out. The mother 
liquor, when concentrated to 1/3 of its volume and allowed to stand for three 
weeks, gave 3 g more of solid bromides. 

When the solid bromide thus obtained was recrystallized three times from 
95^ alcohol, it melted at 113°C and had the acid value 93.7 and the mean 
molecular weight 599.9. 

Analysis of the soild bromide : 



Substance (mg) 

AgBr (mg) 

Br (%) 

I 

6.645 

8.295 

53.12 

II 

6.030 

7.553 

53.30 


Calculated for 

Q 3 I l32^2^ r 4 

53.33 


The analysis shows it to agree with the tetrabromide of linolic acid. 

When the filtrate of the solid bromide was evaporated, another bromide 
having 41.3^ bromine was obtained. Probably it was the dibromide of oleic 
acid mixed with some tetrabromide. 

(VI) Oxidation products of the unsaiurcded jaiiy acids . 

When the unsaturated fatty acids were oxidized with alkaline premanga- 
nate according to the Hazura’s method, 11.3 g insoluble hydroxyacids were 
obtained. They were treated with ether and separated into the ether-soluble 
and insoluble parts. The former, when recrystallized from absolute alcohol, 
melted at 131 °C with the acid value 176.3 and the mean molecular weight 
316.7. This was proved to be dihydroxystearic acid. 

Analysis of the dihydoxystearic acid: 

Substance (g) C() 2 (g) IU> (g) C (*) II (%) 

0.0982 0.2462 0.09852 68.35 11.14 

Calculated for C J(S II 3U C 4 68.29 11.47 

The ether-insoluble part, when recrystallized from absolute alcohol, mel¬ 
ted at 173°C, its acid value being 160.9 and the mean molecular weight, 
394.1. It was sativic acid. 

Analysis of the sativic acid : 



Substance (mg) 

COo (mg) II 2 0 (mg) 

c {%) 

H (%) 

I 

3.352 

7.620 3.036 

62.00 

10.13 

11 

3.611 

8.178 3.391 

62.07 

10.35 


Calculated for C 18 I I^jOg 

62.07 

10.35 


Linusic or isolinusic acid could not be detected. 

(VII) Unsaponifiable matter . 

When 20 kg rice.embryo was extracted with benzene, about 4 kg dark 
brown oil was obtained. It was dissolved in 12 L ether, a little insoluble 
waxy substance^was filtered off and evaporated. The oil thus obtained was 
saponified with alcoholic potash in the usual way and 150g of an uusaponifiable 
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substance were obtained. It was a light brown semi-solid mass having a 
characteristic odour and giving a strong Liebermann-Buchard’s reaction as well 
as the colour reaction of ergosterine. By treating with acetone and absolute 
alcohol it was separated into two part, i. e. (A) a white amorphous solid (120 
g) and (B) a brown syrup (30 g). 

(A) From the spectrographic studies it was calculated that the amor¬ 
phous solid contained about 0.4~*0.5ftg ergosterine. When irradiated with 
ultra-violet rays and tested on rats, the existence of vitamin D was clearly 
demonstrated. 

(1) Melissyl alcohol. 

When the amorphous solid (A), mentioned above, was recrystallized se¬ 
veral times from absolute alcohol until it gave no more Liebermann-Buchard's 
reaction, about 0.05 g crystals was obtained which melted at 83°C. 

Substance (mg) C0 2 (mg) H 2 0 (mg) C (%) II {%) 

2.798 6.462 3.524 82.48 14.09 

Calculated for CgoH^O 82.19 14.15 

The analysis shows it to agree with melissyl alcohol. 

(2) Dihydrositosterol. 

The mother liquors of the last few fraction of the said recrystallization 
were combined and evaporated. About 30 g of the residue thus obtained 
were again repeatedly recrystallized from absolute alcohol, and after drying, 
it weighed 3.2 g ; m. p. 132°C, (VJff = — 6.20°. The unsaturated sterines 
were decomposed by the Anderson’s method, and about 0.13 g dihydrosito- 
sterine (m. p. 144°C, QsQfJ = +24.28°) was isolated and identified!. 

The sterol obtained from the combined filtrate of the above recrystallization 
melted at 138~140°C, (V)‘i? = — 26°. This was extracted three times with 
a large quantity of petroleum ether (50°C) and then it was converted into 
acetate; m. p. 115-wli°C, £cf)i? = —23.98°. 

(3) Tetrabromide of stigmasterine acetate. 

When the acetate, mentioned above, was recrystallized ten times from 
absolute alcohol, the top fraction (12 g) melted at 138°C and had the rota¬ 
tion, (V)!? 5=5 —43.7°. This fraction was brominated by the Windaus-Hauth 
method adding an excess of glacial acetic acid. The precipitate was collec¬ 
ted on a filter, dissolved again in chloroform and thrown down by methyl 
alcohol; m. p. 204^205°C. 

Analysis of the bromide: 



Substance (mg) 

AgBr (mg) 

Br {%) 

I 

5.235 

4.970 

40.40 

n 

8.330 

8.030 

41.00 


Calculated for C 82 

i H 65 0 2 Br 5 

40.58 


The above result agrees with the tetrabromide of stigmasterine acetate. 
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Owing to the scarcity of the material, the free stigmasterine could not be 
obtained, 

(4) Anderson’s f-sitosterine^. 

The bromides in the mother liquor of the above tetrabromide were com¬ 
bined, dissolved in ether and fractionally precipitated with methyl alcohol. 
The main fraction thus obtained was an amorphous powder, melting at 130°C. 
It was denominated by boiling with zinc dust and acetic acid, and an acetyl 
derivative (m. p. 143°C, = —44.70°) was prepared. By saponifying the 

latter, a free sterol (m. p. 148°C, (V)JJ = —42.3°) was isolated. 

Analysis of the free sterol: 

Substance (mg) C 0 2 (mg) II 2 0 (mg) C {%) H (%) 

4.013 12.270 3.950 83.39 12.30 

Calculated for C 2 9 H 60 O 83.96 12-24 

The analysis shows that it agrees with Anderson’ f-sitosterol. 

( 5 ) A new sitosterol. 

The sterol acetates descrbied above were combined and saponified. About 
80 g free sterol thus obtained, was dissolved in hexane and fractionally preci¬ 
pitated by gradual cooling as follows: 


Temperature (°C) 

Yield ( B ) 

m. P . ("Cl 

D 

I 

21 

19.5 

135 

-29.34° 

<. 21 °C) 

II 

! i 

16.5 | 

134 

-23.93° 

( 20 °C) 

III 

-12 

20.0 

132 | 

-18.46° 

(18°C) 

IV (residue) 

i 

22.0 j 

148 


- 


The author could not separate from the above fraction I, II, III any 
substance that had constant melting point and rotation. The last fraction 
(IV) was recrystallized from absolute alcohol ten times, from acetone twice 
and further from methyl alcohol fifteen' times and a new sitosterol (m. p. 
156°C, (V]]? =s —14.485°) was isolated; yield, 2.1 g. It was more readily 
soluble in organic solvents than other sterines. 

Analysis of the new sitosterol: 


Subs!ace (mg) 

Co 2 (mg) 

n 2 0 (mg) 

C(*) 

h (#) 

3.269 

10.040 

3.495 

83.76 

11.96 

4.144 

12.690 

4.510 

83.52 

12.18 

Calculated for C 27 H 40 O 

83.85 

12.01 


The acetate of the new sitosterol was prepared by boiling the free sterol 
with acetic anhydride for 40 minutes in the usual way; m. p. 111°C, [Via = 
—9.87°. 

Analysis of 'the acetate : 
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Substance (mg) 

COo (mg) 

H 2 0 (mg) 

c {%) 

«(*) 

3.472 

10.370 

3.608 

81.46 

11.63 

3.849 

11.467 

3.949 

81.25 

11.48 

Calculated 

for 


81.21 

11.30 


The propionate was obtained by boiling the free sterol with propionic an¬ 
hydride for 1.5 hours in the usual way; in. p. 106°C, (ajfi = -6.78° 
Analysis of the propionate: 


Substance (mg) 

COo (mg) 

IbO (mg) 

c i%> 

n m 

3.003 

8.992 

3.177 

81.66 

11.84 

3.610 

10.800 

3.750 

81.59 

1162 

Calculated 

for C 30 H 60 O 2 


81.74 

11.60 


The benzoate was obtained by adding benzoylchloride to the sterol dis¬ 
solved in pyridine at 2°C ; m. p. 129°C, (ajfi = +14.48°. 

Analysis of the benzoate : 


Substance (mg) 

C0 2 (mg) 

IIoO (mg) 

C {%) 

II {%) 

2.981 

9.071 

2.885 

82.99 

10.83 

3.660 

11.178 

3.577 

83.29 

10.93 

Calculated 

for CgjHftjOo 


83.21 

10.28 


The acetate mentioned above was brominated by the Windaus-Hauth 
method, but when a small amount of bromine was added, the solution became 
brownish green, liberating HBr and required 50 o/ 0 more bromine than the 
calculated quantity. When bromine was added at — 13°C, the green colour 
never appeared, only turning brown. The percentage of bromine was found 
to be 31.89 and 32.27 *£• A portion of the sterol was reduced with hydrogen 
using platinum-black as the catalyst, but the reduction proceeded very slowly, 
so that the Liebermann-Buchard reaction never disappeared. The molecular 
formula of the sterol calculated from its analytical results corresponds to 
C s7 II, 0 O. 

From the above observation it was believed to be an isomer of Burian’s 
sitosterol. The so-called Anderson’s a-sitosterol was still a mixture of vari¬ 
ous sterols, as is shown in the following table: 



Free 

sterol 

Acetate 


m. P. (°C) 

Rotation 

1 *.P. (°C) 

Rotation 

a-Sitosterol 

Author’s new sterol 

138-140 

156 

-23.41° 

-14.485° 

115-116 

11 ! 

-23.91° 

- 9.87° 


(B) The brown syrup. 

The brown syrup was subjected to steam distillation and a little oil 
having a characteristic odour was obtained, but the amount was so small that 
it could not be examined further. From the residue, when further distilled 
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at high vacuum a hydrocarbon mixed with a little higher alcohol was obtained. 

(VIII) Wax. 

When rice-embryo was boiled with strong alcohol or benzene, then filtered 
while hot and the filtrate was left to stand for several hours, the waxy sub¬ 
stance separated out as a greyish white flocky precipitate, or when the crude 
embryo oil was treated with ether, the waxy substance remained as an in¬ 
soluble residue. These were combined and extracted with hot benzene in 
Soxhlet apparatus and the extract was precipitated with ether. By repeating 
this operation five times needle-shaped crystals melting at 82°C were obtained; 
yield, 3.2 g. 

The analysis gave the following results: 



Substance (mg) 

COo (mg) 

IIoO (mg) 

c {%) 

H {%) 

I 

4.000 

12.055 

4.954 

82.19 

13.86 

11 

3.840 

11.642 

4.858 

82.17 

14.07 


Calculated for 

0 O 2 

82.06 

14.03 


The analysis shows that it was melissyl cerotate. 

For further identification, this substance was saponified by boilling with 
bo/ 0 potassium alcoholate for 4 hours. After cooling, the mixture was treated 
with alcoholic CaCl 2 . The calcium soap thus formed was filtered off, and the 
filtrate was completely dried and extracted with benzene. The benzene solu¬ 
tion was evaporated and the residue was recrystallized from absolute alcohol. 
In this way hair-like needles melting at 85°C were obtained. 

Analysis of the sample: 

Substance (mg) CC) 2 (mg) ILO (mg) C {%) II {%) 

4.100 12.400 5.230 82.48 14.27 

Calculated for C^IIenO 82.08 14.28 

The result agrees with melissyl alcohol. 

The Ca-soap obtained as above, was decomposed with dilute hydrochlo¬ 
ric acid (1 :1) and cerotic acid was isolated as insoluble crystalline powder. 
After recrystallization from absolute alcohol, it melted at 78°C and had the 
mean molecular weight 394. Mixed with a pure specimen of cerotic acid, 
no depression of melting point was observed. 

(XI) Cerebroside. 

When rice-embryo, previously extracted with benzol, was boiled with 85 
^90 o/o methyl alcohol and the methyl alcoholic solution w r as evaporated in 
vacuum to a syrupy consistency and left standing for several days, a solid 
substance separated out. It was collected by suction and dissolved in ether. 
The etherial solution thus obtained was, after washing with water, treated 
with acetone, whereby a precipitate was formed which gave ninhydrine and 
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Molisch’s reactions. This precipirate was dissolved in ether and precipitated 
by adding absolute alcohol. By repeating this operation four times, a crystal¬ 
line substance was obtained which gave no more the above reactions. When 
dried in vacuum desiccator it became brownish black and was no more soluble 
in ether. The mother liquor of the above crystals was shaken with water 
and the separated ether layer was dehydrated, evaporated to a small volume 
and treated with acetone, whereby a precipitate was formed, which when 
recrystallized from absolute alcohol gave ninhydrine and Molish’s reactions. 
It resembled the cerebroside, obtained by Trier from rice grain. Owing to 
the scarcity of the material, it was not further investigated. Details concern¬ 
ing this part will be published later. 

In conclusion, the authors wish to express their sincere thanks to Prof. 
Dr. U. Suzuki for his advices and encouragement throughout this work and 
also to Mr. T. Iki and T. Tanaka for micro-analysis. 


Studies on the Fermentation products 
by Mould Fungi. Part X. 

Glaucic Acid formed by Aspergillus glaucus. 

(Aspergillus glaucus. IV.) 

By 

Yusuke Sumiki. 

(Agricultural Chemical I Moratory, Tokyo Imperial University). 

(Received May 23, 1933). 

On the previous report of this series (part IV), the author described that 
a new crystal substance, m. pt. 238^9°, was obtained by the cultivation of 
Aspergillus glaucus under a certain condition. Since, the author cultivated 
Aspergillus glaucus several times under the same condition but could not 
obtain this crystal substance. Unexpectedly, the author obtained this subst¬ 
ance by treating the mycelium of Aspergillus glaucus with ether on account 
of the isolation of chitin from the mycelium. This new crystal substance 
was named glaucic acid after Aspet % gillus glaucus . 

Glaucic acid melts at 238^9° and contains no nitrogen, methoxyj, keto- 
methylen and methylenoxide groups. The results of analyses of glaucic acid 
and its derivative show that the molecular formula of glaucic acid is 
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The existence of one carboxyl group in the glaucic acid is identified by 
the following experiments. Glaucic acid is soluble in Na-carbonate and pre¬ 
cipitated by the addition of mineral acid. The results of titration with stan¬ 
dard alkali, using phenolphthalein as the indicator, shows glaucic acid is a 
monobasic acid. Moreover glaucic acid is not methylated with dimethylsul- 
phate but methylated with diazomethane and this monomethylderivative is 
insoluble in Na-carbonate and alkali. 

By treating glaucic acid with benzoylchloride or acetic acid anhydride, 
the benzoyl- or acetyl-derivatives are not obtained. Moreover, the results of 
quantitative determination of hydroxyl group in glaucic acid by the method 
of Tschugaeflf and Zerewitinoff shows the existence of one hydroxyl group 
and this fact indorses the existence of one carboxyl group. 

Isolation and properties of glaucic acid. 

The mycelium of Aspergillus glaucus grown on the medium which con¬ 
tains glucose, peptone and mineral matter is washed with water completely, 
dried at 100°, powdered and extracted with ether for a week. On evaporat¬ 
ing off the solvent from the extract, glaucic acid crystallizes in prism. 
Yield: 1.0 g. of glaucic acid from 411 g. of mycelium. This crude substance 
is dissolved in dilute alkali, precipitated with hydrochloric acid, washed with 
hot water and then recrystallized from boiling alcohol. _ Glaucic acid, prisms, 
melts at 238-^9° and contains no nitrogen. The reactions of methoxyl group 
by micro-Zeisel, methylcnoxide group by Toilers phloroglucinol and keto- 
methylen group by Na-nitroprusside are all negative. It is soluble in Na- 
carbonate, alkali and precipitated by the addition of mineral acid. It is also 
easily soluble in boiling ethyl-, methyl-alcohols, acetone, difficultly in ben¬ 
zene, chloroform, acetic ester and nearly insoluble in boiling water. 


Subst. (mg.) 

COo (mg.) 

ILO (mg.) 


C % 



3.218 

8.019 

2.182 


66.92 


7.47 

3.142 

7.679 

2.182 


66.65 


7.77 

3.358 

8.193 

2.228 


66.54 


7.42 

(g.) 

Campher 

(g.) 

JT 

( 9 ) 


M.W. 

0.0110 

0.1130 


13 



300 

0.0133 

0.1335 


13 



306 

0.1129 

w/10 NaOII 3.i 

515 ccm. 




304 

0.0974 

CIf 4 5.6 ccm. (762.5 mm, 20°) 







M.W. Q% 


n% 

o% 

o n% 

C l 7 H 22 Or, 

cal. 

306 66.67 


7.19 

26.14 

5.56 

(C,fiH 2 ,0 3 COOH) fuu. (average) 303 66.70 


7.42 

25.74 

4.39 


Glaucic acid monomethyl ester : — 0.3 g. of glaucic acid is suspended in 

ether and added with ethereal solution of diazomethane prepared from 3 ccm. 
of nitrosomethylurethane. Yield : 0.31 g. The methylester is easily soluble in 
acetic ester, benzene, chloroform, difficultly in ethylalcohol, ligroine and in- 
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soluble in water, Na-carbonate and alkali. It is recrystallized from alcohol 
or ligroin. Needles. M. pt. 188^90°. 


Subst. (mg.) 3.200 

CO., (mg.) 7.873 


IIoO (mg.) 2.234 

" 4.040 

AgJ 2.673 

<'% 

U% 

OCll ? % 

(OCII 3 ) cal. 

67.50 

7.50 

9.69 

foun. 

67.10 

7.80 

8.74 


Methylation with dimethylsulphate : — 0.2 g. of glaucic acid is dissolved 
in 40ccm. of methylalcohol and shaked vigorously for 20 minutes adding 1 
ccm. of dimethylsulphate and 2 ccm. of 25^4 kaliumhydroxide. After repeat¬ 
ing this procedure 5 times, the reaction mixture is evaporated, acidified and 
filtered. Yield: 0.15 g. It is recrystallized from benzene. Prisms. M.pt. 234 
*w5°. The admixture with glaucic acid melts at 230^7°. 


Subst. (mg.) C0 2 (mg.) HoO (mg.) 

3.394 8.218 2.270 

C% n% 

C l7 II 22 O r , cal. 66.67 7.19 

foun. 66.40 7.48 


Acetylation and benzoylation : — 0.2 g. of glaucic acid is added with 

5 g. of acetic acid anhydride and 0.5 g. of dehydrated Na-acetate and boiled 
for 4 hours under the reflux condenser in the oil bath. The reaction mixture 
is poured into water and the precipitate is filtered. Yield :0.2g. It is recrys¬ 
tallized from dilute methylalcohol. Prisms. M. pt. 234^5°. The admixture 
with glaucic acid also melts at 235^6°. 

0.2 g. of glaucic acid is dissolved in pyridine and added with 0.4 g. of 
benzoylchloride. After several days, the reaction mixture is poured into 
water and the precipitate occured is filtered. Yeild:0.2g. It is recrystal¬ 
lized from alcohol. Prisms. M.pt. 234-^5°. The m.pt. of admixture with 
glaucic acid shows no depresssion. 


Biochemistry of Filamentous Fungi. II. 

A Metabolic Product of Aspergillus melleus Yukawa. Part I. 

By 

Hidejiro Nishikawa. 

(Received May 31, 1933) 

As is well known, filamentous fungi emit more or less peculiar mouldy 



toe 


[Vol. 9 


smell, differing in nuance and intensity according to species or varieties ; some 
produce even agreeable odour, as, for instance, Aspergillus oryzae. The 
chemical nature of their smell has, however, been little investigated, nothing 
definite being known as it. It is presumably due to mixture of minute quan¬ 
tities of diverse substances and consequently it will in general be tedious task 
to isolate each constituent in sufficient quantity for chemical investigation. 
But researches in this line will provide some scientific interest and be not 
without significance for the physiology of mould fungi. 

The author has isolated from the culture medium of Aspergillus melleus 
a crystalline substance which is supposed to be a constituent of the smell of 
the mould. It was provisionally named mellein. Analysis of melleln and its 
nitro-derivative show that its probable formula will be C 10 H 10 O 3 . Purple co¬ 
loration with FeCI 3 , positive Millon’s reaction, and precipitation with bromine 
water from aqueous solution indicate its phenolic character. 

In 1931 and 1932 a substance, C 14 H 14 0 4 , m.p. 58.5°, was isolated and 
described by Yamano cl) from cultural solution of Aspergillus ochraceus. This 
substance and mellein which melts at 58° have almost the same melting point 
ann their properties and reactions are quite similar. As Asp. melleus and 
ochraceus have close morphological resemblance and according to Thom and 
Church 00 Asp. melleus is to belong to Asp. ochraceus group, possible identity 
or at least strong similarity in structure of both substances could be anticipated. 

Experimental. 

Preparation of mellein. 

The strain of Aspergillus melleus used in the present investigation was 
purchased from the Centraalbureau voor Schimmelcultures, Baarn, Holland. 
The culture medium was of the following composition: — 


Sucrose (commercial) 

50 g. 

MgS0 4 .7H 2 0 

0.5 g. 

NaNOg 

2 g. 

FeS0 4 .7H 2 0 

0.01 g. 

kh 2 po 4 

lg. 

II 2 0 

1000 c.c. 

KC1 

0.5 g. 




The above medium contained in Erlenmeyer flasks was sterilized and 
conidia of Asp. melleus were abundantly inoculated in it. After 2 to 3 weeks 
of incubation at 30° the medium was filtered free from mycelial felt, saturated 
with common salt and extracted with ether. The ether extractives were then 
submitted to steam distillation and the distillate was again extracted with 
ether. When ether was driven off, the residue solidified to crystalline magma. 
Yield, 0.3 g, from 1 litre of the medium, corresponding to 0.6 per cent, of the 
sugar used. This is already fairly pure. The specimen purified by disolving 
in alkali and reprecipitating with acid was submitted to analysis. 
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Anal. Subst. = 0.1850 ; CO, = 0.4578 ; H 2 0=0.0968g. 

Found : C = 67.49 ; H = 5.81 % 

Calc, for C 10 H 10 O 3 : C = 67.42 : 11=5.62%. 

Mol. wt. 0.2054 g. subst. in 21.98 g. benzene. (Cryoscopy). 

<£=0.281°, J/= 162.4. C 10 H 10 O 3 =178 

Rotatory power. 0.1988 g. subst. in 25 c.c, chloroform. 

«g= -0.86°. [«]];=-108.15°. 

Mellein crystallizes in colourless long prisms, sparingly soluble in water, 
soluble in ethyl and methyl alcohol, chloroform, ether, and light petroleum. 
Purple coloration with FeCl 3 is marked in 1/10,000, faintly visible even in 
1/100,000 dilution. From solution in alkali mellein is precipitated by passing 

co 2 . 

Nitration of mellein : — Mellein was dissolved in cone, nitric acid and 
stood over nicht. On addition of water white flocky precipitate separated out. 
Pale yellow beautiful needles with greenish tint were obtained when recrys¬ 
tallized from methyl alcohol. 

Anal. Subst.=0.1720 ; C0,=0.3404 ; H,0 = 0.0652 g. 

Subst.=0.2276 ; N 2 = 12.8 c.c. (19.5°, 766 mm). 

Found: C = 53.97 ; H = 4.21 ; N = 6.47%. 

Calc, for C 10 H y O 5 N : C = 53.81 ; 11 = 4.04 ; N = 6.28%. 

Rotatory power. 0.1996 g. subst. in 25 c.c. Chloroform. 
aJJ= -1.37°. [«]{?= —171.59°. 

Analysis agree with a mononitro-derivative af mellein. It melts at 183 
^184° after turned yellow in the neighbourhood of 140°. It is insoluble in 
ether and light petroleum, sparingly soluble in water, soluble in benzene, me¬ 
thyl and ethyl alcohol, readily soluble in acetone and chloroform. It gives 
an intensely yellow solution when dissolved in alkali and separates out as 
white precipitate by acid. Its aqueous solution turns light red, ethyl alcoholic 
solution blood red on addition of FeCl ;{ . 
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Studies on the Calcium and Magnesium Absorption 
of Rice Plants at Different Stages of their 
Growth in Water Culture. 

By 

Yoshiaki Isiiizuka. 

( A gri cultural Chemical Laboratory Faculty of 
Agriculture , Hokkaido Imperial University) 

(Received June 26, 1933) 

Resume* 

Experiment on the calcium and magnesium absorption of rice plants at 
different stages of their growth was conducted with water culture as a means 
of elucidating their nutritional physiology. The conclusions obtained are as 
follows: — 

( 1 ) The presence of calcium in nutiient solution is absolutely neces¬ 
sary for rice plants till the 13th week after germination in order to assure 
their attaining maturity. After that time, the lack of calcium has no harmful 
effects on the growth, as seen by a comparison of plants under calcium-free 
nutrients with the control, which is supplied with complete nutrients through 
the entire period of growth. But the earlier the time of the calcium deficiency 
in nutrient solution within 13 weeks after germination, the more hindered was 
the growth of rice plants. 

The presence of magnesium in nutrient solution is necessary and sufficient 
for the full growth of rice plants till the 7th week after germination. So 
their growth is not hindered by the lack of magnesium after that time. 

W. F. Gericke concludes in his essay “the absence of one or more of 
elements calcium and magnesium after initial exposure of rice plants to the 
complete nutrient solution, did not have any pronounced harmful effect on the 
development.” and in the case of calcium, his data show that the period of 
initial exposure is about 6 weeks ; but the writers experiment shows that, 
in the case of calcium, its presence for 13 weeks in nutrient solution is in¬ 
evitably necessary for the growth of rice plants. In the case of magnesium, 
the writers result almost agrees with that of Gericke. 

( 2 ) The growth of rice plants is not affected by the lack of calcium 
in nutrient solution till the 5th week after germination, if there is a supply 
of calcium after that time. But the earlier the time of supply, the better 
the recovery of the growth which is badly influenced by calcium deficiency. 
When a supply of calcium was lacking for more than 6 weeks after germi- 
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nation, the growth could no more recover in spite of giving a supply of cal¬ 
cium. In most serious cases, plants died. 

The lack of magnesium till the 6th week after germination dose not affect 
the development of the plants except for a little ill effect on seed formation. 
However, the earlier the time of magnesium supply, the better the growth 
of plants. 

( 3 ) As the presence of calcium is necessary for the development of 
rice plants through almost all stages of growth, it is hard to show when cal¬ 
cium. is utilized most significantly. But it is supposed to be from the 5th 
to the 7th week after germination. 

In the case of magnesium, the maximum point of utilization is supposed 
to lie between the 4th and 8th week after germination. 

( 4 ) The ratio of CaO to MgO absoibed by rice plants is about 3 : 1 
in weight at an early period of their growth ; it gradually approaches to 1:1. 
However, the ratio of CaO to MgO absorbed by plants in the entire period 
of their growth is 1.2 :1.0 in weight. 


Sterilizing Action of Acids. IV Report. 

Sterilizing Action of Unsaturated Monobasic Fatty Acids on 
Putrifactive bacteria, Bac. typhosus, and Vib. cholerae. 

By 

Sogo Tetsumoto. 

(Received June 14, 1933), 
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(5) Comparison of sterilizing action be¬ 


tween saturated and unsaturated mono¬ 
basic fatty acids ol the same mole¬ 
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(6) Sterilizing action at the same pH of 
monobasic fatty acids. 

(7) Summary. 


(1) Reagents. 

Details of the sterilizing action of saturated monobasic fatty acids 
C n H 2n+1 C0 2 H are as reported before. 

To. know the sterilizing action of unsaturated monybasic fatty acids on 
.bacteria by comparing it with the action of the saturated fatty acid series, I 
used the following acids. 
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Table I.—Reagents. C n H 2ll _*C0 2 H. 


Acids 

numbeo of 

C atom 

Rational formulae 

i 

Molecular 

weight 

Ph at 

N/100 

Ph at 
N/1000 

Acrylic acid 

c 3 

CH 2 : CH.C0 2 U 

72.047 

3.13 

3 63 

nor. Crotonic acid 

C 4 

CH 2 : CH.CHo.COoU 

86.068 

3.33 

3.83 

Undecylenic acid 

Cll 

CH 2 : CH.(CE1 2 ) 8 .CH 2 H | 

184.071 

saturated 
aq. solution 

Oleic acid 

C,8 

CH s .(CH.),CII:CII(CH) 7 C0 2 II 

282.362 

tt 

6.0 


acrylic acid.made by Eraenkel & Landau Co. 

other 3 acids.S. Kahlbaum Co. r 


Undecylenic acid and oleic acid are scarcely soluble in water, so I made 
saturated aqueous solution of these acids at 20°C. 

(2) Experimental methods. 

Experimental methods and used microorganisms and e.t.c, are the same 
as I reported before (1X2) . 

(3) Sterilizing action at the same molecular concentration. 

To know the sterilizing action at the same molecular concentration of 
unsaturated monobasic fatty acids on Staph, c. pyogen. aureus, Proteus vulgar., 
Hauser, Bac. typhosus and Vib. cholerae, I studied the sterilizing action of 
N/i00 and iV/lOOO solutions of acrylic acid and normal crotonic acid, and 
saturated aqueous solution of undecylenic acid and oleic acid at 20°C. Results 
are as shown in the following table. 


Table 2.—Sterilizing action at N/100. 


'o 








Surviving period 






Js| 

e 

acids 

pH 

Staph. < 

c. pyog. 

Prot. vulgar. 

; Bac. typhosus 

Vib. choler 




h 1 
3 1 

6 

9 

12 

m 

60 

90 

I h 1 
! 2 ! 

3 

m 

60 

1 90 

\ ill 

1 2 | 

3 

m 

5 

10 

15 

20 

c 3 

Acrylic 

3.1 

+ 

+ 

- 

- 

+ 

+ 


- 

- 


db | 

- 

+ 

d: 

- 


c 4 

nor. Crotonic 

3.3 

+ j 

+ 

db 

- 

+ 

i 

+ 

db 

- 

+ 

+ 

+ 


+ 

+ 

+ 

- 

Control 

T 

+ 

+ 



|7j 

+ 

+ 


l + 

+ 

+ 

+ 

+ 

+ 

+ 


m.minut, h.hour, -f.alive, —.perished, 

dL-.sometimes alive and sometimes perished. 


Table 3.—Sterilizing action at N/1000 and saturated aqueous solution. 


Number of 

C atom 

Acids 

pH 

Surviving period 

Staph, c. pyogen 

Prot, vulgar. 

Bac. typhosus 

Vib. choler. 

ft 

90 

[h 

|l2 

24 

Hi 


m 45 
30 

h l2 d 

9 li 2 

3 

l 4 i 

|m 1 J 

|45H 

12 24 

36 J 

4 

m 

|l 

ift 

e4 

45 J 60 

|90 

I h: 

|2 

3 

C 3 1 

Acrylic 

3.6 

+ 

+1 

1+1 

PI 

: -i-i 


+ + 

-f - - 



i+lP 

1*1-1 

L|_ 


i+l 

+1 

± -| 

P 

P 

- 











Nop. 7-9] H3 


C 4 

C„ 

Crotnic 

Undecy¬ 

lenic 

3.8 

5.4 

+ 

+ 

!+ 

! + 

;+ 

_ 

- 

- 

-f 

± 

+ 

+ 

!± 

L 

- 

- 

+ 

± 

+ 

+ 


- 

- 

i 

+ 

db 

+ 

+ 

- 

- 

!- 

- 

Cj 8 

Oleic 

6.0 

+ 

j + 

+ 

+ 

+ 

db 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

-f 

rfc 

- 

- 

Control 

+ 

| + 

| + 

|+ 

| + 

| + 

+ 

| + 

!+ 

+ 

+ 

|+ 

+ 

|+ 

|+ 

+ 

+ 

|+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


d.day. 


From results noted in Table 2 and 3, we find the following facts. At the 
same molecular concentration of unsaturated monobasic fatty acids, acrylic acid 
(C 3 ) is stronger than crotonic acid (C,) as concerns to the sterilizing action. 
In the saturated aqueous solution at 20°C, undecylenic acid (C n ) has been 
dissolved in an extraordinarily small quantity but its sterilizing action is 
extremely strong. The sterilizing action of oleic (C ls ) is very weak. 

( 4 ) Sterilizing action of anions of unsaturated monobasic fatty acids. 

To know the sterilizing action of anions of each acid, I made neutral 
salts of Na, K, Ca and NH 4 having the same anions of each acid. Con¬ 
centration of salts of acrylic acid and crotonic acid are N/100 , And salts of 
undecylenic acid and oleic acid are' in saturated aqueous solution at 20°C. 
respectively. The results are as shown in Table 4. The results of K salts 
are nearly the same as Na salts, so I denote the results of Na salts only. 

Table 4.—Sterilizing action of anions of unsaturated monobasic fatty acids. 

(I)—Na salts. 


Surviving Period 


Na- 

Staph, c. 

pyogen. 

Prot. 

vulgar. 

II. 

Bac. typhosus 

Vfb. choler 


h 


d 

d 


8 

h 1 


d 



h 


1 d 



m 


h 



6 

9 

5 

6 

7 

1 2 1 

3 

4 

5 

6 

3 

1 ^ 

1 5 

1 

7 

2.5 

5 

3 

6 

acrylate 

+ 

+ ! 

+ 

+ 

+ 

1 “ 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

i 

+ 

- 

+ 

+ 

+ 

- 

crotonate 

+ 

! + 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

- 

undecylenate 

db 


- 


- 

- 

db 


- 

- 

- 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 

oleiate 

+ 

+ 

+ 

- 

- 

- 

+ 

+ 

+ 

- 

- 

+ i 

+ 


- 

- 

+j 

+ 

+ 

- 

Control 

+ 

+ 

+ 

+ 

+ 

+ 

+ j 

+ 

+ 

± 

- 

+ 

+ 

+ 

db 

- 

+ 

+ 

+ 

+ i 


(II)—Ca salt. 


Surviving period 


Ca- 

Staph, c. 

pyogen 

Prot. vulgar. 

H. 

Bac. typhosus 

Vib. choler. 


h 


d 




m 

mm 

B 

HI 


h | 


d 


1 „ 

m 


h 



4 

6 

5 

6 

7 

8 

90 

H 

H 

□ 

5 

3 

6 

5 

1 ^ 

7 

2.5 

1 ^ 

3 

3 

acrylate 

+ 

+ 

+ 

+ 

dc 

- 

+ 

+ 

D 

D 

- 

+ 

+ 

+ 

+ 

- 

+ 

+ 

+ 

- 

crotonate 

+ 

+ 

+ 

+ 

db 

- 

+ 

+ 

+ 

+ 

- 

+ 

+*• 

+ 

+ 

- 

+ 

+ 

+ 

- 

undecylenate 

+ 

- 

- 

- 

- 

- 

dr 

- 

- 

- 

- 

db 

- 

- 

- 

- 

db 

- 

- 


oleiate 

+ 

+ 

+ 

+ 

- 

- 

- 

+ 

+ 

+ 

- 

+ 

+ 

db 

- 

- 

+ 

+ 

db 

- 

Control 

+ 

+ 

+ 

+ 

+ 

+ 

- 

+ 

- 

4-' 

rfc 

+ 

+ 

+ 

rfc 

- 

+ 

+ 

+ 
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(III)—NH 4 salts. 



From the results shown in Table 4 (I), (II), (III), we find the following 
facts. Salts of acrylic acid (C.*) and crotonic acid (C 4 ) have no sterilizing action. 
Salts of undecylenic acid (C n ) have very strong sterilizing action. Salts of 
oleic acid (C lf< ) have very weak sterilizing action compared with the control. 

These salts are all in neutral aqueous solution and have the same anions 
as acids. By these facts we know following facts. 

Anions of acrylic acid (C^) and crotonic acid (C 4 ) have no sterilizing ac¬ 
tion. Anion af undecylenic acid (C n ) has an extremely strong sterilizing 
action. Anion of oleic acid (C, 8 ) has very weak sterilizing action, 

Among salts of Na, K, Ca and NH 4 , Ca salts have a somewhat short sur¬ 
viving period and NH 4 salts have a somewhat long surviving period for bacteria. 

( 5 ) Comparison of sterilizing action between saturated and 
unsaturated of monobasic fatty acids at the same mole¬ 
cular concentration. 

I compared the sterilizing action of each acids having the same number 
of C atoms, at the same molecular concentration and in saturated aqueous 
solution at 20° C. 

The results are as shown in the following table. (Table 5, (I), (II).) 


Table 5.—Comparison of the sterilizing action between saturated 
and unsaturated monobasic fatty acids. 

(I)—Results at N/100 . 


° I 

1 1 
1 ° 

Microorganisms 

Staph, c. 

pyog. 

Prot. vul¬ 
gar. H. 

Bac. 

typhosus 

Viv. 

cholerae 

Acids 

time 

IS 

F 

12 

24 

m 

90 

5 ^ 

6 

m 

90 

hi 

2 

3 

6 

9 

m 

5 

10 

15 

|20 

30 

C„ 

Propionic 

Acryljp 

3.4 

3.1 

+ 

+ 

+ 

— 

— 

+ 

+ 

!i‘ 

1 

— 

+ 

+ 

+ 

|± 

— 

— 

+ 

+ 

+ 

db 

+ 

L. 

"" 








Nos. 7—9] 
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Butyric 

3.4 

+ 

+ 

- 

~ 

4 

4 

— 

J 

4 1 

4* 

dr 

— 

— | 

4 

4- 

4- 

_ 

__ 

c. 

Isobutyric 

3.4 

+ 

4 

4 

- 

+ 

+ 

4- 

- 

4- 

4 

4- 

dr 

- 

+ 

4- 

4- 

+ 

- 


Croton ic 

3.3 

!+ 

dr 

- 

- 

4 

± 

- 

- 

+ 

4 

- 

- 

- 

4 

4- 

4- 

- 

- 

Control 

+ I 

4 

4 

4 

4 

4 

4 

+ i 

Ii 

4-| 

l + | 

4- | 

I 

| + | 

I 

3 

4- 

4- 


(II)—Results at iV/1000 and saturated aqueous solution at 20°C. 


4- 

. ■ - - 


-- 

—- 

— 

-: 

— 

— 

— 

— 

—- 

“1 

— 

— 

— 

— 

— 

= 

= 



° 6 
u o 

ii « 

Microoganisms 


Staph, 

c* 

pyogen. 

aur 

Prot 

. vulgar 

. Hauser 

l u 

Acids 

PlI 

time 

m 

60 

90 

h 

12 

24 I 36 

d 

2 

5 

6 

9 

m 

30 

45 

h 

9 

12 

24 

36 

d 

3 

5 

7 


Propionic 


3.9 

4- 

4 

4- 

4- 

4* 

- 

- 

- 

- 

4- 

4- 

4- 

4- 

- 

- 

- 

- 

- 

Acrylic 


3.6 

4- 

4- 

4- 

— 

— 

— 

— 


— 

4- 

4 

4* 

— 

- 

_ 


- 

— 


Butyric 


3.9 

4- 

4 

4- 

4- 

4r 

- 

— 

— 

- 

4- 

4- 

4* 

4- 

- 

— 

— 

- 

— 

c 4 

Isobutyric 


3.9 

4- 

4 

4- 

4- 

4 

4- 

- 

- 

- 

4- 

4 

4* 

4- 

dr 

- 


- 

- 


Croton ic 


3.8 

4- 

4- 

4- 

4- 

~ 

- 

- 


- 

4 

4 

4- 

± 

- 

- 


- 

- 

C„ 

Undecylic 


6.0 

4* 

4 

4 

+ 

4- 

4 

- 

- 

- 

4 

4 

4 

+ 


- 

- 


- 

Undecylenic 


5.4 

4 

— 

— 

— 

— 

— 

— 

— 

— 

4 



— 

— 

— 

— 


— 

^18 

Stearic 

Oleic 


6.2 

6.0 

4 

+ 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

dr 

4 

c 

4- 

4 

4 

4 

4 

_ 

-4 

4- 

4 

4 

4 

4 

4 

d 

4 

4 

4 

4- 


Control 



|4- 

|4- 

4- 

|+ 

4 

| + 

l 

1+ 

- 

4- 

4- 4- 

4- 

4 

+ 

4 

d: 

1 _ 


Numlier of 

C atom 

Microorganisms 


Bac. typhosus 



Vi! 


cholerae 



Acids 

' - time 

rii - .. 

m L- ft 

45| 60 

h 

12 

24 

3g[ 

d 

3 

4 | 

5 I 

9 

m 

1 

mi 

5 

45 

60 

90 |h 
y " 2 

3 

6 

c 3 

Propionic 

3.9 

4 

4 

4 

4 

1 

- 

J 


- 

d 

4 

4 

4 

4 


- 

- 

- 


Acrylic 

3.6 

4 

4 

4 

— 


“l 

; 

1 

— 

4 

4 

4 

dr 

i 

— 



— 

— 


Butyric 

3.9 

4 

4 

4 

1- 

l_ 

- 

-| 

- 

- 

4 

4 

4 

+! 

4 


- 

- 

- 

C 4 

Isobutyric 

3.9 

4- 

4 

4 

4 

4 

- 

- 

- 

- 

4 

4 

4 

4 

4 

4 

- 

- 

- 


Crotonic 

3.8 

4 

4 

4 

dr I 

- 


- 

- 

- 

4 

4 

4 

4 

4 

- 


- 

— 

r* 

Undecylic 

6.0 

4 

4 

4 

4 

[ _ 

- 

- 

- 

- 

4 

dr 

- 

- 

- 

- 

- 

- 

- 

'■'ll 

Undecylenic 

5.4 

4 

- 

- 

- 

- 

- 

- 

- 

- 

drj 

- 

- 

— 

— 

— 

- 

— 

— 


Stearic 

6.2 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

- 

^18 

Oleic 

6.0 

4 

4- 

4 

4 

4 

4 

4 

- 

- 

4 

4 

4 

+ 

4 

± 

- 

- 

- 

Control 

4 

| + 

4 

4 

4 

4 

4 

4- 

- 

4 

4 

4 

4 

4 

4 

4 



From the results noted in Table 5 (I), (II), we ascertained the following 
facts. If we compare the sterilizing power at the same molecular concentra¬ 
tion! we find that unsaturated monobacic fatty acids have stronger sterilizing 
action than saturated monobasic fatty acids. 
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We find also in saturated aqueous solution at 20°C, unsaturated mono¬ 
basic fatty acids have stronger sterilizing action than saturated monobasic 
fatty acids. This phenomena is especially distinctly by C n acids. 

( 6 ) Sterilizing action at the same pH of monobasic fatty acids. 

To find the sterilizing action at the same pH, and to compare the steri¬ 
lizing action at the same molecular concentration of monobasic fatty acids, 
I made solutions of pH 3.0 and pH 4.0 with each acid, and compared them 
at the same number of C atom. Acids of C n and C lfi were compared at 
pH 6.0 and pH 6.2 respectively. Results arc as shown in Table 6. (I), (II). 

To make the solution of pH 6.0 with saturated undecylenic acid solution 
of pH 5.4, we must dilute the acid with distilled water 20 times by volume. 
Also to make the solution of pH 6.2 with oleic acid of pH 6.0, we must 
dilute the acid with distilled water 5 times by volume. 


Table 6.—Sterilizing action at the same pH of 
monobasic fatty acids. 

( I)—pH 3.0 


W- 

0 e 
jj 1 

Microorgnism 

Staph, c. 

py°g. 

Prot. 

vulgar. H. 

Bac. 

typhosus. 

Vib. cholerae 

|w 

z 

Acids 

time 
1 Pit—^ 

h 

2 

3 

6 

9 

m 

45 

j 60 

90 

h 

2 

m 

60 

90 

h 

2 

3 

m 

1 

2.5 

5 

10 

Co 

Propionic 

N/20 

4- 

- 

- 

- 

4 


- 

- 

+ 

4 

! 

- 

4 

- 

- 

- 

Vy 3 

Acrylic 

N/80 

4 

4 

4 

- 

4 

4 

4 

- 

4 

+ 

4 


4 

4 

4- 

- 


Butyric 

N/20 

+ 

- 


- 

4 

- 

- 

- 

4 

4 

- 

— 

4 

— 

— 

— 

C 4 

Isobutyric 

// 

4- 

4 

- 

- 

4 

4 

- 

- 

4 

4 

4 

- 

4 

4 

- 



Crotonic 

N/40 

4- 

4 


- 

+ 

4 

db 

- 

4 

4 

4 

- 

+ 

4 

db 

- 

Control 

4- 

4 

4 


+"| 

4 

4 

4 

+ 

+ 

_ 

[ + 

4 

4 

4- 

4- 

4* 


(II)—pH 4.0, pH 6.0, pH 6.2 
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^18 

Stearic 

Oleic 

satur. 

// 

+ 

+ 

+ 

+ 

4- 

+ 

4- 

+ 

4- 

+ 

+ 

+ 

± 

4- 

+ 

4- 

+ ! 

+ 1 

1 

4~ 

4- 

+ 

4- 

+ 

4- 

+ 

+ 

4- J 

- 

Control 

4- 

+ 

4- 

+ 

+ 

4- 

+ 

4- | 

4- 

F 

1+ 

i + 

l + 

f+ 

db 

[3 

l 




















Number of 
C atom 

Microorganism 



Bac. typhosus. 





Vib. cholerae 



Acids 

time 

cone. - 

h 

6 

“1 

24 

36 

d 

2 

3 

4 

7 

!*“; 
i 5 

10 

i 

30 

60 

90 

1 

1 2 

I 3 

1 

1 3 

C 3 

Propionic 

Acrylic 

N/2000 

N/8000 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

— 

— 

_ 

4- | 

1 

4- J 

4- 

4- 

+ 

4- 

4- , 

+ 

j + 

4- 

- 

- 


Butylic 

N/2000 

+ 

+ 

+ 

- 

- 

- 

- 


+ 

4- 

4- 

4- 

— 

i 

! 

— 

C4 

Isobutyric 

ft 

+ 

+ 

4- 

+ 

- 

- 

~ 

- 

+ 

+ 

j 

•1- 

4- 

_ 

1 

- 


Crotonic 

N/4000 

+ 

+ 

+ 

+ 

± 

- 

- 

- 

4- 

4- 

4- 

+ 

+ 

- 

_ 1 

1 - 


Undecylic 

Undecylenic 

satur. 

tr 

+ 

± 

+ 

4- 

— 


~! 

— 


+ 

± 

— 

- 

1 

1 

j ~ 

i ! 

- 

- 

f ” 


Stearic 

Oleic 

it 

_ 

1 

‘V 

4- 

+ 

. 1 

1 

_L 


1 

1 

4- 

4- 

1 

4- 

4- 

1 

1 


| ± 

Ci8 

tr 

T 

+ 

+ 

t 

t- 

t 

t 

1 

4* 

; 

1 

~r 

4* 

T 

+ 

T 

± 

+ 

| 4- 

- 

Control 

j + 

-1- 

+ 

M 

+ 

4- 

4 

- 

+ 

+ j 

| 1 ! 

1+] 

\ -b I 

+ 

+ | 

4- 


From the results noted in Table 0. (I), (II), we find the following facts. 
If we compare the sterilizing power of C., and C 4 at the same pH, we find 
that unsaturated acids have weaker sterilizing power than saturated acids. 
And then anions of these acids have no sterilizing power. (Table 4. (I), (II).) 
Accordingly, the molecular concentration of these acids has a great effect on 
sterilization. Concerning the sterilization of acids of C,, and C ls , unsaturated 
monobasic fatty acids have stronger sterilizing power than saturated acids, 
even if unsaturated acids, are adjusted to the same pH. And these anions 
have sterilizing power respectively. But if we compare the results noted in 
Table 3 and Table 6, we find that undissociated molecules of these acids 
have considerable sterilizing power. 

Summary. 

I studied the sterilizing action of unsaturated monobasic fatty acids on 
putrifactivc bacteria, Bac. typhosus and Vib. cholerae. Results are as follows. 

( 1 ) At the same molecular concentration, acrylic acid (C ;{ ) and crotonic 
acid (C.,) have nearly the same sterilizing power. But in detail, acrylic acid 
has the slightly stronger sterilizing power than crotonic acid. Undecylenic acid 
(C M ) is very slightly soluble in water, but its sterilizing action is very strong. 

( 2 ) Anions of C, and C 4 acids have no sterilizing action. 

( 3 ) Anions of C n acid has strong sterilizing action. 
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( 4 ) At the same molecular concentration, unsaturated monobasic fatty 
acids have stronger sterilizing power than saturated manobasic fatty acids. 
This fact is distinct by C n acid. 

( 5 ) At the same pH of acids of C ;i and C 4 , saturated monobasic fatty 
acids have stronger sterilizing power than unsaturated acids. 

( G ) Molecular concentration and undissociated molecules of these acids 
have a considerable sterilizing power. 
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(2) S. Tetsumoto: " Vol. 9 . nos. 3 — 3 , 1933. 
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Biochemical Studies on “ Miso ”, Fermented 
Soy-bean Paste. Part I. 

Nutritive Value of “ Miso ’’-Proteins as a Supplement of Rice. 

By 

Ivvao IvVAMPItA. 

(Agricultural Chemical Laboratory , Tokyo Lnperial University , Komaba, 'J'dkyb.') 

(Received July 10, 1933.) 

Introduction. 

For more than a thousand years “miso” has been used as one of the 
most important food articles in Japan. Boiled rice and “miso”-soup form an 
indispensable daily ration for the Japanese people. u Miso ” is also largely 
used with vegetables, fish and meats. Its annual production in recent years 
is estimated to be worth more than twenty millions of yen, nevertheless the 
role it plays in nutrition is yet little understood, so that more thorough study 
of this subject is desirable. 

O. Kellneri 0 was the first who analysed various kinds of “miso” and point¬ 
ed out that it was rich both in true albuminoids and soluble carbohydrates 
and that it was easily digestible and nutritious. Later T. Takahashi 00 inves¬ 
tigated the decomposition products of proteins in “Hatchomiso” (brown miso) 
and isolated alanine, leucine, proline, glutaminic acid and lysine ; besides detec¬ 
ting the presence of aspartic acid, histidine, arginine, tryptophane and cystine. 
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T. Hara and R. Takata C3) have recently carried out feeding experiments 
with white rats and observed that the rats fed on a diet in which “miso” had 
been added as the sole source of proteins, failed to grow or to sustain life 
for a long period. They have attributed this to the lack of certain indispen¬ 
sable amino acids, such as cystine and tryptophane in “miso”, which might 
have been partly destroyed during the fermentation process. We see, how¬ 
ever, from the chemical analysis that nearly half of the nitrogen contained in 
“miso” still exists in the form of proteins, even after a long period of fermen¬ 
tation. Recent investigation has further proved that the amino-acids and 
bases formed by the decomposition of proteins can be again utilized for the 
formation of body proteins, so it is very probable that these nitrogen com¬ 
pounds contained in “miso” still play an important role in nutrition. Thus we 
can expect a still better result than that mentioned above, when “miso” is 
used, not as the sole source of proteins in the diet, but as the supplement of 
rice proteins. 

From such a point of view, the present author has carried out feeding 
experiments with various kinds of “miso” to determine their relative nutritive 
value, especially when used as the supplement of rice. 

The details arc given as follows :- 

Experimental. 

/. Exj)eriment with “ Serulaimiso ”. 

The sample used in this experiment was supplied from a “miso” factory 
in Tokyo. This kind of “miso” may be taken as standard because it is most 
widely used and seems to be especially favoured in Tokyo and in the north¬ 
eastern provinces. 

It was prepared from 100 parts by volume, of soy-beans, 50 parts rice 
“koji” (steamed polished rice moulded by a special fungus, Aspergillus oryzae) 
and 50 parts common salt. The soy-beans were first soaked in water for sev¬ 
eral hours and steamed (at one pound pressure) for about ten hours until 
they turned brown. After cooling, they were finely ground, mixed with 
rice “koji” and salt put in a fermenting tank, covered with a wooden lid, 
pressed and kept in a cold place. Owing to the presence of a large quan¬ 
tity of common salt and the prevention of the free access of air, the fermen¬ 
tation proceeds very slowly and is only completed after 12 to 18 months. 

Recently Y. Sakurai 00 investigated in our laboratory the changes in 
chemical composition during the ripening of “Scndaimiso” and obtained the 
following results : 
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Table I. Changes of the Chemical Composition of 
“Sendaimiso” during Fermentation. ($i) 


Composition 

Before 

fermen¬ 

tation 

Time of fermentation (Months) 

1 

3 

6 

9 

12 

Water 

48.52 

51.25 

50.64 

50.20 

50.90 

52.92 

Total-N 

1.98 

2.10 

2.08 

2.19 

2.08 

2.14 

Protein-N 

1.44 

1.28 

1.07 

1.08 

1.03 

0.98 

N-insol. in water 

1.26 

1.17 

0.99 

1.02 

0.97 

0.94 

N-sol. in water 

0.72 

0.93 

1.09 

1.17 

1.11 

1.20 

Amino-N 

0.29 

0.42 

0.52 

0.51 

0.50 

, 0,49 

Basic-N 

0.24 

0.27 

0.29 

0.31 

0.32 

0.30 

nh 3 -n 

0.041 

0.075 

0.100 

0.110 

0.095 

0.110 

Reducing sugar 

8.95 

9.94' 

9.36 

9 60 

9.63 

9.49 

Starch & dextrin 

4.92 

3.00 

— 

— 

2 41 

2.40 

Free acid (as lactic) 

3.48 

1.39 

1.93 

1.81 

1.93 

2.32 


From the above table it can be seen that the proteins are gradually dis¬ 
solved and decomposed until after 12 months they are reduced to 2/3 of the 
original sample. On the contrary there is a considerable increase of water- 
soluble nitrogen, including amino, basic and ammoniacal nitrogen. As the pro¬ 
teins in the material are denaturated by heat and fermentation and a part of 
the amino acids and bases is further decomposed into Tower compounds which 
finally give rise to ammonia, it is natural to expect that the nutritive value is 
more or less decreased, though it may in some degree be compensated with 
the increase of digestibility. The chief object of the present investigation is to 
determine the effect of proteins in various kinds of <f miso” upon the growth 
of rats when used as the supplement of rice, and at the same time to compare 
them with the proteins of “koridofu” (frozen soy-bean-curd) and fish meat 
powder. 

Experiment (A). 


Table II. Diets used in the Experiment, (g) 


Composition of diets 

(i) 

Control group 

(ii) 

Miso group 

(in) 

Koridofu grop 

(IV) 

Fish powder 
group 

Polished rice 

94.0 

79.0 

85.8 

88.2 

Sendai m iso 

— 

20 .0* 

— 

— 

Koridofu 

— 

— 

9.2 

— 

Fish meat powder 

— 

— 

— 

5.8 

Ash of miso 

5.0 

— 

5.0 

5.0 

CaC0 3 

1.0 

1.0 

1.0 

1.0 

Butter** 

7.5 

7.5 

5.0 

7.5 

Oryzanin***(c.c.) 

5.0 

5.0 

5.0 

5.0 


* As dry matter 

** Preparation of the Meiji Confectionary Company. 
*** Preparation of the Sankyo Pharmaceutical Co. 
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The protein contents and the calories of the above diets were as follows: 


Table III. Protein Contents and Calories of the Diets. ( o/ 0 ) 



(i) 

Control group 

. < n > 

Miso group 

<"i) 1 

Koridofu group j 

(IV) 

Figh powder 
group 

Proteins in polished rice 

6.1 

5.1 

5.5 

5.7 

Proteins in miso, koridofu 
and fish powder 

— 

5.4 

5.3 

5,5 

Total protein 

6,1 

10.5 

10.8 

11.2 

Total-N 

0.98 

1.67 

1.72 

1.79 

Calories 

328.5 

345,7 

349.3 

358.0 


As is shown in the above table III the diet of the control group (I) 
contained only 6.1 o/ 0 protein, while in those of (II), (III) and (IV) groups 
the protein contents were increased to 10.5, 10.8 and 11.2^ respectively by 
the addition of “miso”, “koridofu” and fish meat powder. The calorific values 
were nearly the same, except for those in the control group. 

Experiment (B). 

The composition of diets in this experiment were essentially the same as 
those of the previous experiment (A) except that the polished rice which 
contains no embryo was replaced by that containing the embryo (“haigamai”). 
For simplicity the latter will be denoted as “polished embryo rice”. 


Table IV. Protein Contents and Calories of the Diets. [o/ 0 ) 



(i) 

Control group 

(") 

Miso group 

(in) 

Koridofu group 

(TV) 

Fish powder 
group 

Proteins in polished 
embryo-rice 

6.9 

5.8 

6.3 

6.5 

Proteins in miso, koridofu 
and fish powder 

— 

5.4 

5.3 

5.5 

Total proteins 

6.9 

11.2 

11.6 

12.0 

Total-N 

1.10 

1.78 

1.84 

1.93 

Calories 

334.5 

351.8 

354.9 

364.3 


Young albino rats weighing about 30-^40 g. were previously fed for one 
week with unpolished rice flour, and those which had grown at a normal rate 
were taken and fed on the above diet. The ingredients were thoroughly 
mixed with water and cooked in a water bath for about half an hour. During 
the first 20 days each group consisting of two rats >Vas given daily 15 grams 
of the diet and after that time 20 grams. The experiment lasted for 68 days 
from October to December. The growth curves are shown in the following 
charts: 
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Chart T. Experiment (A). Growth curves of male rats fed on polished rice 
supplemented with “Sendaimiso”, “koridofu” and fish powder.* 



Chart IT. Experiment (It). The same fed on polished embryo-rice supple¬ 
mented with “miso”, “koridofu” and fish powder. 

From the above charts we see that the growth curves are in order of 
fish powder (IV), “miso” (II), “koridofu” (III) and control group (I). The 
last group attained 60 grams. 

II. Experiment with various hinds of “ Miso ”. 

The samples used in this experiment were “Shiromiso”, “Yedomiso”, 
“Sendaimiso”, “Inakamiso” and “Hatchomiso”, “kdridofu” and fish meat pow¬ 
der were also used for comparison. By the preparation of these kinds of 
“miso”, the raw materials were mixed in the following proportion : 


Table V. Raw Materials of “Miso”. (By Volume) 


Kind of Miso 

Soy-bean 

Polished rice 

Barley 

Salt 

Shiromiso 

1.00 

2.00 

— 

0.30 

Yedomiso 

1.00 

1.00 

— 

0.40 

Sendaimiso 

1.00 

0.30 

— 

0.40 

Inakamiso 

1.00 

— 

1.00 

0.46 

Hatchomiso 

1.00 

— 

— 

0.25 


The soy-beans were steeped and steamed for several hours according to 
the kind of “miso” used and while still hot they were thoroughly mixed with 
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rice-“koji" and common salt. For “Inakamiso” barley “koji” was used in¬ 
stead of rice-“koji”, and for “Ilatchomiso” soy-bean “koji” alone was used. 
The mixture was then pressed into a fermenting tank. In “Shiromiso” the 
Opening was completed in 3^5 days, in “Yedomiso” in 10~30 days while 
in “Inakamiso” and in “Sendaimiso” 11*^12 months were required for 
complete ripening. T. he chemical composition of these samples were as 
follows : 


Table VI. Chemical Composition of the Samples 
used in the Experiment. [o/ 0 \ 





— 

— - 

— - 

— 

-- 

Material 

Water 

Crude 

protein 

Pure 

protein 

Carbohy¬ 

drates 

Crude 

fat 

Ash 

NaCl 

Shiromiso 

52.00 

9.31 

6.44 

31.90 

2.70 

6.12 

4.71 

Yedomiso 

46.48 

12.63 

7.31 

23.90 

5.32 

8.25 

6.35 

Sendaimiso 

52.92 

13.38 

6.13 

11.89 

3.95 

13.96 

11.36 

Inakamiso 

54.60 

12.00 

5.19 

8 61 

5.21 

13.75 

11.71 

Hatcliomiso 

46.37 

21.00 

10.94 

4.89 

6.15 

12.88 

9.78 

Polished rice 
Polished 

7.68 

7.46 

7.36 

! 

79.98 

0.81 

0.65 

— 

embryo-rice 

7.20 

8.35 

8.19 

78.63 

1.30 

0.78 

— 

Koridofu 

6.45 

58.27 

58.15 

5.20 

26.88 

4.55 

— 

Fish powder 

2.48 

97.81 

97.36 

— 

— 

1.13 

•- 

Soy-beans 

6.99 

35.50 

35.28 

26.33 

19.52 

5.01 

— 

Patrogen(S) 

1.24 

14.63 

! 

68.31 

10.94 

4.68 

_ 


These samples were mixed in the following proportion : 

Table VII. Compsition of the Diets. 


Material 

. .<’> . 
Shiromiso 

group 

, (ii). 

\ edomiso 
group 

on) 

Inakamiso 

group 

(IV) 

Ilatchdmiso 

group 

Polished rice 

68.7 

74.4 

74.0 

82.7 

Shironiiso 

27.6 

— 

— 

— 

Yedom iso 

— 

22.7* 

— 

- . . 

Inakamiso 

— 

— 

24.8* 

— 

Ifatchomiso 

— 

— 

-- 

13.7* 

Ash of Sendaimiso 

1.8 

1.7 

— 

1.7 

Soy-bean oil 

0.9 

0.2 

0.2 

0.9 

CaCC 3 

1.0 

1.0 

1.0 

1.0 

Butter** 

7.5 

7.5 

- 7.5 

7.5 

Oryzanin (c.c.) *** 

5.0 

5.0 

5.0 

5.0 
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Material 

(V) 

Control 

(VI) 

Sendaimiso 

(VII) 

Koridofu 

(VIII) 

Fish powder 


group 

group 

group 

group 

Polished rice 

91.5 

79.3 

84.8 

86.0 

Sendaimiso 

— 

18.8* 

— 

_ 

Koridofu 

— 

1 ’ 

9.2 

— 

Fish powder 

— 

— 

— 

5.5 

Ash of Sendaimiso 

5.0 

— 

5.0 

5.0 

Soy-bean oil 

25 

0.9 

— 

2.5 

CaC0 3 

1.0 

1.0 

1.0 

1.0 

Butter** 

7.5 

7.5 

7.5 

7.5 

Oryzanin (c.c.)*** 

5.0 

5.0 

5.0 

' 5.0 


* As dry matter. 

** Preparation of the Meiji Confectionary Co. 
*** Preparation of the Sankyo Pharmaceutical Co. 


Experimental animals. 



Sixty five spring-born rats weighing 30~~40 g. (average 35.1 g.) were 

picked out and fed on ‘Tatrogen”* (a kind 
of milk powder containing all the dietary 
factors essential for the growth of children). 
The average body weight increased from 
35.1 to 52.2 g. in 10 days. The growth 
rates being nearly the same as those of 
Donaldson, Dunn and Watson 00 , as is 
shown in the charts : 

Aft in Days From 65 rats reared as above stated, 

Chart HI. Growth curves during preli- 36 healthy ones were selected and divided 
minary feeding. into three groups, each consisting of three 

rats which were fed on the diets shown in Table VII. 

Experiment (A). 

The growth curves are shown in chart IV and V. 

Fig. I shows that the rats fed on “Sendaimiso” grew healthy but those 
(Fig. II) fed on the “Hatchomiso” diet were still better as shown in Table VII. 
Those fed on the “Inakamiso” diet (Fig, III) grew more slowly at first, but 
continued to grow until the end of the experiment, while the rats fed on the 
“Shiromiso” diet exhibited a remarkable growth for some time, but during 
the last forty days no noticeable increase in weight was observed. The ani¬ 
mals (Fig. IV) fed on the fish diet grew at an approximately normal rate, 
while those fed on the “kdridofu” diet hardly reached 108 or 130g. in 100 
days. This is in accordance with the observation of Suzuki, Okuda and 


Preparation »f the Meiji Confectionary Company, 
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X.indicates death. 

Chart IV. Showing growth curves of male rats fed on the polished rice diet supplemented 
with “Sendaimiso”, “koridofu” and fish meat powder respectively. 



Chart V. Showing growth curves of male rats fed on the polished rice diet 
supplemented with various kinds of “miso”. 


Matsuyama' 75 who attributed the lower nutritive value of "koridofu” to the 
loss of certain proteins of high nutritive value during the process of making. 

From these results, it can be seen that the greater the amount of soy¬ 
beans in “miso”, the higher is the supplementary value. The fact is in accord¬ 
ance with the observation of Daniels and Nichols®, Osborne and Mendel®, 
McCollum, Simmonds and Parsons 003 , and Johns and Finks 0 ' 5 , namely that soy¬ 
bean proteins are capable of supplementing the low nutritive value of cereals. 

Experiment (B). 

Polished embryo-rice supplemented by "Sendaimiso”, "koridofu” or fish, 
produced better growth results than the polished rice'diet. The rats (R. 39 
and R. 40) fed on the fish diet showed the best development and almost 
the same appearance as that of rat (13) No. (2), with a diet consisting of 10— 
1894 codfish protein, 43—5294 starch, 27—2894 protein free milk and 10— 
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18 % butter. Those fed on the “Sendaimiso” diet continued to grow at an 
approximately normal rate, while those fed on the “kdriddfu” diet gained in 
weight more slowly. Animals on the control diet containing 7.7% protein of 
polished embryo-rice have shown very slow growth, one of them gradually 
declined in weight and finally died, as did the rats on the control diet with 
polished rice. When rats Nos. 24 and 37 previously fed on the “kdriddfu” 
diet, were changed to the soy-bean diet at the same level of protein intake, 
they became more healthy in every respect than the rest of the group. The 
rats No. 33 on “Sendaimiso” diet, and No. 26 on fish, when placed on a 
20% protein intake, 65.5% polished rice, 18.8% “Sendaimiso”, 9.2% “kdri¬ 
ddfu” and 5.5% fish, showed an accelerated growth response. The rats No. 
21 on the “Sendaimiso” diet and No. 48 on the “Yedomiso” diet, also showed 
the remarkably good quality of the protein of “Patrogen”. 

The growth curves are shown in the following chart. 



Chart VI, Showing growth curves of male rats fed on the polished embryo-rice diet 
supplemented with “Sendaimiso ,, J “koridofu” and fish powder respectively. 

The average gain of each group and the food intake in 100 days are as 
follows : 

Table VIII. Rate of Growth. Rats on the polished rice diet. 


Kind of 
diet 

No. of 
rats 

Durations 
of ex¬ 
periments 

Initial body 
weigt 
grams 

Gain in 
125 days 
grams 

Gain in 
100 days 
grams 

Average 
gain in 
100 days 
grams 

Food intake 
per rat in 
100 days 
grams* 


17 

118 

57 

___ 

8 



Control 

diet 

18 

150 

58 

73 

17 

15.7 



19 

150 

58 

84 

22 




* The daily food intake was only approximately estimated. 
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Sendamiso 

20 

21 

150 

100 

46 

218 

130 



diet 

53 

— 

91 

112.0 

1140 


22 

150 

57 

212 

115 




23 

150 

44 

130 

54 



Koridofu 

24 

100 




diet 

58 

■- 

44 

54 7 

860 


25 

150 

59 

144 

66 



Fish 

26 

100 

42 

- - 

92 



powder 

diet 

27 

150 

45.5 

211 

131.5 

116.5 

1080 

28 

150 

55 

223 

126 




41 

100 

46.5 

_ _ _ 

99.5 



Shiromiso 

diet 

42 

150 

56 

193 

127.0 

113.5 

1190 


43 

150 

59 

187 

115 




44 

150 

42.5 

193 

120.5 



Yedoroiso 

diet 

45 

100 

56 

j 

91 

120.5 

1160 


46 

150 

59 

227 

150 




47 

100 

49 

_ _ 

103 



Inakamiso 

diet 

48 

150 

50 

173 

90 

99.0 

1060 


49 

150 

59 

185 

104 




50 

100 

46 

_ _ 

83 



Hatchomiso 

diet 

51 

150 

51 

222 

150 

129.7 

1250 


52 | 

150 

57 

236 

156 

__ _ 1 

i 



Rats on the polished-embryo 

rice diet 

• 



29 

119 

42 

_ _ 

19 



Control 

diet 

30 

150 

56 

92 

20 

25.3 

660 


31 

150 

56 

107 

37 




32 

150 

49 

237 

157 



Sendaimiso 

diet 

33 

100 

54 

— 

106 

129.3 

1200 


34 

150 

58 

215 

123 

_ 




35 

150 

46 

127 

63 



Koridofu 

diet 

36 

150 

50 

123 

48 

51.0 

850 


37 

100 

56 

-- 

42 




38 

100 

48 

_ 

109 



Fish powder 
diet 

39 

150 

51 

234 

156 

135.7 

1160 


40 

150 

56 

233 

142 




Experiment (C). 

In the proceeding experiments (A) and (B), the daily ration during the 
first 40 days was 10 g. per rat, thereafter it was increased to 15 g. After 
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125 days when the experiment was finished, most of the animals were used 
for another experiment. The composition of each diet was the same as before, 
but the quantity was so adjusted that each rat received exactly 0.2 g. nitro¬ 
gen per day. This corresponds to 11^12g. diet according to the kind of 
“miso” to be tested. After the proceeding investigations, the following 50 
days, i.e. from the 126^175 th day (171 st^ 195 th day from the birth), were 
divided into two periods. During the first period (l26^ 150th day) each rat 
received the same diet as in previous feeding and in the second period (151st 
^ 17 5 th day) the diet was changed, and the average rate of growth in both 
periods was estimated, for instance: 

t 

j Aver, rate of growth in the second period on “koridofu” diet _ q g 
" " " in the first period on “Hatchomiso” diet 


2 . 


Aver, rate of growth in the second period on "Sendaimiso” diet 
" " n in the first period on “Yedomiso” diet 


0.9. 


2 Aver, rate of growth in the second period on “Sendaimiso” diet _ j 9 
" " " in the first period on “Inakamiso” diet 


^ Aver, rate of growth in the second period on “Hatchomiso” diet _ ^ 5 
" " " in the first period on “Shiromiso” diet 

^ Aver, rate of growth in the second period on "Yedomiso” diet _ 

" " ,/ ' in the first period on "fish powder diet 

g Aver, rate of growth in the second period on “Parogen*’ diet — q q 
" " " in the first period on “Sendaimiso” diet 


From Donaldson, Dunn and Watson’s data, relating to the growth of male 
rats of corresponding age fed on the adequate diet (milk soaked bread and 
corn), the following was calculated. 


Aver, rate of growth during 25 days from 196^220th day (from the biith) 
Aver, rate of growth during 25 days from 17 i ^ 195th day (from the birth) 


043 

0.53 


0.8 


In the present experiment, when one and the same diet was given during 
both periods, the ratio was found to be about 0.8. Therefore the author as¬ 
sumed that, when the diet in the second period is changed and the ratio 
becomes larger than 0.8 it indicates that the nutritive value of the second diet 
is higher than that of the first, and vice versa. 

From the experimental data given above, we see that “koridofu” and 
“Shiromiso” a ft lower in value than “Hatchdmiso”. "Inakamiso” is lower 
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than “Sendaimiso” and the latter is equal to or a little better than “Yedomiso” 
but inferior to “Patrogen”, etc. 

These results nearly agree with those of the experiments (A) and (B). 
It should be mentioned here that, the amount of non-protcin-N in “miso” is 
always higher than in “koridofu” or in fish powder, nevertheless, the rate 
of growth, induced by the same quantity of N„ i.e. by 0.2 g. N. per day, is 
higher in “miso” than in “koridofu”, though a little lower than in fish powder. 
Thus it may be assumed that the non-protein-N in “miso” is utilized, at least 
partly, for building up the body protein in rats. 

This confirms the observations of S. Maeda rlv ', that the acid hydrolytic 
products of proteins when supplemented with tryptophane, can fully replace 
the proteins in a given diet. 

The following analytical data will serve to give some idea of the relation 
between the constituents and the nutiitive value of proteins in various kinds 
of food articles, though there exists some unknown factor which plays an 
important role in the nutritive value of proteins. 


Table IX. Distribution of Nitrogen in the Food Materials 
used in the Proceeding Experiments. ( o/ 0 ) 



Water 

Total-N 

1 

Argi- 

nine-N 

Histi- 

dine-N 

Lysine- 
N 

Cystine- 

N 

Trypto 

phane 

Polished riceC^) 

7.68 

1.19 

0.15 

0.10 

0.06 

0.01 

0.09 

Polished embryo-rice 

7.20 

1.34 

0.24 

0.09 

0.06 

0.01 

0.10 

Siromiso 

52.00 

1.49 

0.15 

0.05 

0.09 

-- 

0.11 

Yedomiso 

49.48 

2.02 

0.13 

0.05 

0.08 

- — 

0.12 

Sendaimiso 

52.92 

2.14 

0.17 

0.06 

0.07 


0.08 

Inakamiso 

54.60 

1.92 

0.13 

0.05 

0.07 


0.07 

Ilatchomiso 

46.37 

3.36 

0.18 

0.09 

0.14 

- — 

0.05 

Koridofu 

6.45 

9.30 

1.18 

0.30 

0.57 

0.08 

0.85 

Fish powder 

2.48 

15.65 

1.93 

0.52 

1.72 

0.11 

1.18 

Soy-bean ir ° 

6.99 

5.68 

0.88 

0.15 

0.40 

0.09 

0.51 

Rat muscle 

2.10 

16.21 

1.98 

055 

i _ 

1.76 

0.14 

1.26 


Arginine, histidine and lysine were estimated by Van Slyke’s method. Cystinc-N by Okuda’s 
method^ 6 ) and tryptophane by May & Rose's method improved by Matsuyama & Mori( 17 \ 


Summary. 

(1) A series of feeding experiments was carried out with white rats to 
determine the nutritive value of various kinds of "miso”, when used as a sup¬ 
plement of polished rice. 

(2) The supplementary value of “miso” proteins was found to lie be¬ 
tween fish proteins and “koridofu”, in the order of “Ilatchomiso”, “Sendaimiso”, 





“Yedomiso”, “Shiromiso” and “Inakamiso”, the last being the lowest. 

(3) The nutritive value of “miso” seems to depend chiefly on the amount 
of soy-beans, used as raw material, and not on the duration of fermentation. 
The lower value of “Inakamiso” may be explained by the lower content of 
soybeans. 

(5) These experiments have clearly shown that “miso” plays a very 
important role in the nutrition of the Japanese people, especially in supplying 
the deficiency of rice proteins. 

My best thanks are to Professors U. Suzuki and R. Sasaki for their 
helpful criticism and encouragement throughout these investigations! I am also 
greatly indebted to Mr. Sakurai who kindly consented to carry out the 
chemical analyses and to the Trade Association of the Tokyo Miso Manufac¬ 
turers, for kindly supplying the funds and the specimens of soy-bean pastes 
used in these experiments. 
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Fig.T Rat No. 20, fed on “Sendaimiso” Fig.II Rat No. 52, fed on “Ilatchomiso” 


176 g. after 100 days. 213 g. after 100 days. 



Fig.III Rat No. 49, fed on <, Inakamiso** Fig.IV Rat No. 28, fed on fish 181 g. 


163 g. after 100 days, after 100 days. 



Fig.V Rat No. 25, fed on “k5ridofu” Fig.VI Control rat No. 19, fed on poli- 


125 g. after 100 days. shed rice diet, 80 g. after 100 days. 
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Investigation on the Influence of Aerial-Earth 
Circuit on the Biological Activities. 

II. Mechanism of the influence on Azotobacter 
chroococcum as to its potential. 

By 

Arao Itano. Ph. D. 

(Received August 13, 3933). 

As the first report C0 in this series of investigation, it was experimentally 
proven that the growth as well as the fixation of atmospheric nitrogen of 
Azotobacter chroococcum was activated in the closed aerial-earth circuit and 
even by earthing only. Subsequently an enquiry was made as to the mecha¬ 
nism of activation in regard to the potential of Azotobacter chroococcum 
culture, and the results are reported here as the second report. 

Experimental Procedure. 

The same strain of Azotobacter chroococcum and the medium were used 
as noted in the first report, but the flasks were equipped slightly differently 

so that the potential of the culture 
is determined easily and all the 
manipulations can be carried out 
aseptically, as shown in Fig. I. 

Each flask was provided with 
a cork which has two glass tubes, 
<j (4 mm. diameter) through either 
one or both, the platinum electrode 
is placed and held in position, and 
plugged with cotton. An another 
glass tube, U (8 mm. diameter) with 
cotton plug c was provided through 
which a sample for pH determination 
is taken and also an agar bridge is 
inserted when the potential is deter¬ 
mined. The agar bridge is drawn 
fy.electroefe to capillary at its end and consider- 

X 7 ably longer than the depth of the 

flask so that the tip can be broken 
off at every determination to keep it from contamination. The outer surface 
of the bridge is sterilized with alcohol and flamed before used. All through 
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the investigation, very careful precautions were taken against contamination 
and agitation. 

The potential of Azotobacter chroococcum culture was determined against 
the sterile culture medium and also against the saturated calomel electrode by 
the following chains I and II respectively, using the K-type potentiometer: 



Sterile 

Sat. KC1 




Pt (blank) 

culture 

medium. 

(agar- 

bridge.) 

Sat. KCI 

Culture 

Pt (blank). 

.(i) 

Ifg-HgCl 

Sat. KC1 

(agar- 

bridge.) 

Culture 

Pt (blank). 

.(ii) 


The electromotive force thus determined, was converted into Rh, the 
standard E. M. F., or the normal hydrogen electrode potential. At the same 
time, the hydrogen electrode potential was determined experimentally, and the 
difference between that and Eh is given so that the comparable intensity can 
be inferred. 

Influence of Aerial-Earth Circuit on the Sterile Medium. 

First it was attempted to ascertain if the potential of the sterile medium 
is influenced to any extent by the aerial-earth circuit, as follows : 

Four Erlenmyer flasks with 100 c.c, sterile Ashby’s solution were taken 
and treated in the following manner : Fask I connected to the antenna and 


Table I .—Influence of Aerial-Earth Circuit on the Stmle Medium . 



Time in hours. 

0 

24 

48 

72 

96 

120 

Flasks* __ 

(volts) 

(volts) 

(volts) 

(volts) 

(volts) 

(volts) 


Potential determined 

0 8205 

0.1454 

0.1446 

0.1558 

0.1574 

0.1566 

I 

H 2 -eIectrode potential 

0.9355 

0.9360 

0 9390 

0.9440 

0.9430 

0.9410 


Eh** 

0.3675 

0.3924 

0.3916 

0.4028 

0.4044 

0.4036 


Difference 

0.5680 

0.5436 

0.5474 

0.5412 

0.5386 

0.5374 


Potential determined 

0.1257 

0.1369 

0.1383 

0.1261 

0.1439 

0.1250 

n 

Hs~electrode potential 

0.9315 

0.9400 

0.9440 

0.9385 

0.9400 

0.9430 


Eh 

0.3737 

0.3839 

0.3853 

0.3731 

0.3909 

0.3720 


Difference 

0 5578 

0.5561 

0.5587 

0.5654 

0.5491 

0.5710 


Potential determined 

0.1205 

0.1478 

0.1556 

0.1653 

0.1681 

0.1589 

hi. 

Hf-electrode potential 

0.9315 

0.9410 

0.9400 

0.9440 

0.9385 

0.9440 

Eh 

0.3675 

0.3948 

0.4026 

0.4123 

0 4151 

0.4059 


Difference 

0.5640 

0.5432 

0.5374 

0.5317 

0.5234 

0.5381 


Potential determined 

0.1262 

0.1296 

0.1262 

0.1280 

0.1290 

0.1287 

iv 

Hj-electnde potential 

0.9300 

0.9410 

0.9400 

0.9465 

0.9385 

0.9205 


Eh 

0.3732 

0.3766 

0.8732 

0.3750 

0.3760 

0.3757 


Difference 

0.5568 

0.5644 

0.5668 

(W5715 

0.5625 

0.5448 


Notes: *•-Flask I, antenna and earthed ; II. earthed only ; III. antenna only ; IV. no 
outside connection. 

**..»Eh, the potential of medium converted into the standard, or the normal hydrogen 
electrode potential. 
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earthed; Flask II earthed only; Flask III connected to the antenna only; 
Flask IV no outside connection. The potential was determined at 24 hours 
intervals under aseptic conditions. The results are given in Table I. 

Table I indicates that the potential of Flask IV which is the control, 
was not changed to any extent, although in the other flasks, the potential 
increased slightly. 

Influence of Aerial-Earth Circuit on the Potential 
of Azotobacter chroococcum Culture. 

The potential of Azotobacter chroococcum culture against the sterile me¬ 
dium and also against the saturated calomel electrode, was determined as 
follows : 

Four flasks A, B, C and I) which were treated same as Flask 1, II, III 
and IV respectively in the previous case, except all these flasks were inocu¬ 
lated with 1 c.c. of 48 hours old culture of Azotobacter chroococcum. To 


Table II.— Influence of Aerial-Earth Circuit on the Potential of 
Azotobacter chroococcum Culture. 



'I'ime in hours 

0 

24 

48 

72 

96 

120 

Flask* 

(volts) 

(volts) 

(volts) 

(volts) 

(volts) 

(volts) 


Potential determined 

0.1612 

0.0685 

! 0.0906 

0.0447 

0.0262 

0.0453 

A. 

11 2 electrode potential 

! 0 9315 

0.9220 

; 0.9340 

0.9210 

0.9205 

0.9205 

Kh** 

0.4082 

0.3155 

0.3376 

0.2917 

0.2732 

0.2923 


Difference 

j 0.5233 

; 0.6065 

| 0.5964 

0.6293 

! 0.6473 

i 0.6282 


Potential determined 

0.1717 

0.0650 

0.0649 

0.0331 

0.0223 

1 0.0308 

B. 

H 2 -electode potential 

0.9300 

0.9140 

0.9260 

0.9320 

j 0.9320 

, 0.9320 

Eh 

0.4187 

0.3120 

0.3119 

0.2801 

! 0.2693 

, 0.2778 


Difference 

| 0.5113 

; 0.6020 

0.6141 

0.6519 

0.6627 

0.6542 


Potential determined 

0.1629 

0.0514 

0.0411 

0.0083 

! -0.0234 

-0.0307 

c. 

I In-electrode potential 

0.9335 

0.9190 

0.9170 

0.9140 

! 0.9280 

0.9280 

Eh 

0.4099 

0.2984 

; 0.2881 

0.2553 

j 0.2236 

0.2163 


Difference 

■ 0.5236 

i 0.6206 

5 0.6289 ' 

0.6587 

1 0.7044 

0.7117 


Potential determined j 

0.1557 

0.0496 

0.0348 

0.0009 

-0.0127 

-0.0193 


II 2 -electrode potential 

0.9330 

0.9180 

0.9150 

0.9150 

0.9290 

0.9280 

D. 

Eh ! 

0.4027 | 

0.2966 i 

0.2818 

0.2479 

0.2343 

0.2277 


Difference 

0.5303 

0.6214 

i 

0.6332 

0.6671 

0.6947 

0.7003 

D: IV. 

Potential determined 

0.0100 

-0.0610 

-0.0882 

-0.0937 

-0.1160 

-0.1588 

Eh 

0.2570 

0.1860 

0.1588 

0.1433 

0.1310 

0.0882 


Notes: *«»«Flaskfi A, B, C and D were treated same as Flasks I, II, III and IV. in Table 
I respectively but inoculated. 

***«<The potential of Flask D determined against Flask JV. 
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determine the potential of the culture against the sterile medium, Flask D was 
chained against Flask IV. The results are shown in Table II and Fig. II. 

Table 11 and P'ig. II in¬ 
dicate that the potential differ¬ 
ence is plainly determined be¬ 
tween the culture and the sterile 
medium. The potential in all 
the inoculated flasks showed a 
sudden drop within the first 24 
hours, but after that the drop 
was different by the flask under 
different treatment. In flasks I, 
the least decrease of potential 
took place which was followed 
by Flask II while in Flask III 
and IV, the negative potential 
was observed. 

Discussions. 

So far as the the anther is 
aware, no previous investigation 
of this nature on Azotobacter 
chroococcum has ever been 
undertaken. Consequently it is 
very difficult to give a satis¬ 
factory interpretation of the 
results obtained. 

As to the nature of poten¬ 
tial measured in the bacterial culture, Potter C2:> who first measured the potential 
of Bac. coli in different metlia and also that of yeast, considered that such 
potential was electrical. However Gillespie^ later demonstrated that such 
potential is a special case of the oxidation-reduction potential indicating the 
intensity of such reaction. Whatever may be the exact nature of such 
potential, it is certain that the potential is electrically measurable and such 
the measurement indicates the intensity of ionic activity in the culture. 

In this investigation, it was attempted to ascertain, if such an intensity 
is influenced by the aerial-earth circuit or not, so that the mechanism of the 
activation obtained in the previous investigation may be understood. 

So far as the data obtained and given in Table II and Fig. II, it is plainly 
indicated that the different arrangement has different influence on the potential 
of Azotobacter culture. 


Volfs. 



Fig. II—Potential of Azotobacter choococcum under 
various treatment. 

Notes: A —antenna and earthed ; B—earthed only ; 
C—antenna only ; I)—normal control ; 

IV—sterile medium. 
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Summary. 

The results obtained in this investigation indicate that the potential of 
Azotobactcr chroococcum culture is influenced by the aerial-earth circuit. 

Considering these results in the light of those which were noted in the 
first report, the difference of potential which is due to the different treatment, 
may be a factor bringing about the difference in fixation of nitrogen and 
growth of Azotobacter chroococcum. 

Bibliography. 

(1 ) A. Itano: Proc. Imperial Academy of Japan, IX, 47, (1933) ; Bull. Agr„ Chem. 

Soc. of Japan, IX, 31, (1933). 

(2) M. C. Potter: Proc. Royal Sjc. London, ser. B. 84, 260, (1911). 

(3) L. J. Gillespie: Soil Science, 9 , 199 , (1920). 


Ueber die chemischen Bestandteile 
des Tabaks. III. Mitteilung. 

Ueber die Farbstoffe der Tabakbliitcn. (I). 

Von 

Kazuo YA.MAFU.ir. 

(Aus deni JiiocJtem. Inst tint der Lindw. Abteilung. 
der Kaiserl. Kyushu-Univ. zu Fukuoka , Japan.) 

(Eingegangen am 20, Juli 1933). 

Trotz der zahlreichen Untersuchungen fiber die Bestandteile des Tabaks 
ist noch wenig fiber die der Bliiten desselben bekannt. In der zweiten Mit- 
teilung cl) hat der Verfasser die Jsolierung eines Flavonglucosids, welches er 
Tabacinin genannt hat, aus den Tabakblattern bcschrieben. In der vorliegen- 
den Arbeit mochte er fiber seine Forschungen fiber die Farbstoffe der Tabak- 
blfiten bcrichten. 

Nach meiner Erfahrung enthalten die Bliiten des Tabaks, der friiher eine 
Zierpflanze war, ausser einem Anthocyan noch ein Flavon, um deshalb die 
phytobiochemische Beziehung zwischen diesen beiden Farbstoffen zu studieren, 
versuchte der Verfasser die Isolierung dieser Farbstoffe aus den Tabakbl&ten. 
Verfasser teilt hier wegen der geringen Ausbeu e an Farbstoffen und ferner 
der Schwierigtaeit der Sammlung der Bliiten wegen seine noch unvollendeten 
Untersuchungen nur vorlaufig mit. 
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A. TJeber das Anthocyan, 

Die Bliiten des Tabaks sind sehr arm an Anthocyan. 63000 von den 
Kelchen befreitc Bliiten Jieferten 1260 g. trockenes Bliitenmehl, woraus nur 
0.6 g. Anthocyan-Pikrat Is >liert wurden. Die Extraktion des Farbstoffs er- 
forgte mittels methylalkoholischer Salzsaure. Zur Rcinigung wurde zuerst das 
Anthocyan in Bleisalz und dann in Pikrat verwandelt. Der geringe Ausbeute 
wegen musste der Verfasser auf Krystallisationsversuche verzichten. Die 
Hydrolysenversuche erwiesen aber dass das isolierte Anthocyan schon genu- 
gend rein ist; es besteht aus 1 Mol. Monosaccharid und 1 Mol. Anthocyani- 
din. In spateren Untersuchungen will ich die Identifizierung des Zuckers und 
freien Farbstoffs .ausfiihren. 

Experimentel les. 

(1) Isolierung : — Die frisch gepfliickten Tabakbluten wurden von den 
Kelchen befreit und im Trockenschrank bei ca. 60° getrocknet. 1.2 kg. trock- 
netes Bliitenmehl wurden mit 212 proz. methylakoholischer Salzsaure uber- 
gossen, iiber Nacht stehen gelassen, hierauf abgenutscht und mit 1 proz. 
methylalkoholischer Salzsaure wiederholt nachgcwaschen. Aus dem Extrakt 
werde der rohe Farbstoff durch Zusatz des dreifachcn Volumens Aether gefallt. 
Diesen Niederschlag lostc man in 11 warmem Wasser und fiigte dazu die 
gesattigte Bleiazetatlosung. Der Bleiniederschlag wurde mit Methylalkohol 
und dann mit Aether gewaschen und hierauf mit 7 proz. methylalkoholischer 
Salzsaure geschiittelt. Nach der Abtrcnnung des Blcichlorids wurde das 
Anthocyan als Chlorid aus dem Fiitrat mit Aether niedcrgeschlagen. Die 
Fallung nahm man in einer kleinen Menge warmem wasser auf und brachte 
durch Zusatz von heiss gesattigter Pikrinsaurelosung das Anthocyan-Pikrat 
zur Ansfallung. Das Pikrat wurde nochmals in 5 proz. methylalkoholischen 
Salzsaure gelost und das Farbstoffchlorid erneut durch Aether gefallt. Dieses 
Chlorid, nach dem Auflosen in warmem Wasser, wurde durch Pikrinsaure 
wieder in Pikrat verwandelt. 

(2) Eigenschaften:— In Wasser oder Methylalkohol lost sich das 
Anthocyanchlorid mit purpurroter Farbe leicht, aber nicht in Aethyl- oder 
Amylalkohol. Eisenchlorid ruft in der Losung des Farbstoffes eine schwach 
griine Farbung hervor ; Natriumcarbonat gibt eine Violettblau, Bleiazetat eine 
violettrote Fallung. 

(3) Hydrolyse:— 0.2077 g. des bei 100° im Vakuum getrockneten 
Farbstoff-Pikrats wurden mit 15ccm 20 proz. Salzsaure 3 minuten gekocht, 
Nach dem Erkalten wurden das auskrystallisierte, zuckerfreie Farbstoffchlorid 
abfiltriert und mit etwas 20 proz. Salzsaure nachgewaschen. Die salzsaure 
Mutterlauge wurde zur Entfernung der gelosten Pikrinsaure ausgeathert und 
hierauf das in der Losung zuriickbliebene Anthocyanidin mit Amylalkohol 
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ausgezogen. Aus den amylalkoholischen Extrakten wurde das Losungsmittel 
verdampft, der hinterbliebene Farbstoffrest in Methylalkohol gelost und mit 
Aether gefallt. 

Die wasserige saure Flussigkeit, nach Entfernung dcs gelosten Amylal- 
kohols durch Ausschuttcln mittels Aether, wurde mit Natiiumbicarbonat neu- 
tralisiert, mit Knochenaschc entfarbt, filtriert, auf 50 ccm. gebracht und zur 
polarimetrischen Bestimmung des Zuckers benutzt. 

In der sauren Spaltung dcs Pikrats (0.2077 g.) isolierte, bzw. bestimmte 

ich; 

Pikrinsaure.0.0403 g., Anthocyanidin-chlorid. 0.0965 g., 

Zucker (als Glucose).0.0429 g. 

Eine zvveite Hydrolyse fiihrte zu nachfolgenden Werten; 

Aus 0.0926 g. des Farbstoff-chlorides. 

Anthocyanidin-chlorid••• • 0.0595 g., Zucker (als Glucose) 

.0.0228 g. 

B. Ueber das Flavon. 

Das Tabakbliitenmehl, nach Extraktion des Anthocyans, diente zur Iso- 
lierung des Flavons. Der Vcrfasser konnte leider cin reines Flavonglucosid 
noch nicht herstellen, aber durch die Hydrolyse eines. Niedersclilags, welcher 
zweifellos das Flavonglucosid enthalt, eine sehr geringe Menge von dem freien, 
krystallisiertcn Flavon erhalten. Ueber den Zucker und das Flavon, die durch 
die saure Spaltung des rohen Glucosids erhalten wurdcn, will der Verfasser 
seine Untersuchungen noch fortsetzen. 

Expcrimentcllcs. 

(1) Isolierung :— Das Blutenmelil des Tabaks, nach Entfernung des 
Anthocyans mittels methylalkoholischer Salzsaure, wurde mit Calciumcarbonat 
versetzt und mit 95 proz. Alkohol wiederholt cxtrahiert. Der alkoholische 
Auszug wurde mit Natriumhydroxyd neutralisiert, im Vakuum eingedampflt, 
der Ruckstand mit warmen Wasser behandelt und filtriert. Aus der wasseri- 
gen Losung erhalt man ein gelbe Fallung durch Zusatz von Bleiazetat. Die- 
ser Niederschlag wurde mit verdiinnter Salzsaure zersetzt, abgenutscht und 
stark eingeengt. Der Ruckstand wurde zuerst ausgeathert nnd dann mit Al¬ 
kohol extrahiert. Die alkoholische Losung wurde wieder eingeengt und mit 
Aether gefallt. Ausbeute 1.5 g. 

(2) Eigenschaften :— Dieses rohe Glucosid ist hellgelb, und reduziert 
Fehlingsche losung. In der Losung dieses Glucosides gibt Ferrichlorid eine 
grime Farbung, Bleiazetat eine gelbe Fallung, Magnesium und Salzsaure ein 
schones Rot. Wenn es in konzentrierter Schwefelsaure gelost wird, so erhalt 
man eine gelbe Losung mit einer blaugriinen Fluoreszenz. 
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(3) Hydrolyse :— 1 g. Glucoside wurde mit 100 ccm. 5 proz. schwe- 

felsaure 6 Stunden erhitzt. Die saure Flussigkeit, nach dem Erkalten, wurde 
mit Aether geschiittelt und die atherische Losung eingedampft. Wird der 
Ruckstand aus verdunntem Alkohol umkrystallisiert, so erhalt man gelbe, 
nadelformige Krystalle von freiem Flavon. Die schwefelsaure, wasserig Los¬ 
ung enthalt einen Zucker, dessen Identifizierung noch nicht ausgefuhrt worden 
ist. 


Zum Schluss danke ich herzlich dem Herrn Prof. Y. Okuda fur seine 
Anregung bei dieser Arbeit. 
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Sulphates and chlorides as fertilizers (III.) 

Viscosity and surface tension of rice paste. 

By 

Isenosuke Onodera. 

(Received August 3, 1933) 

(1) Samples of paddy rice were obtained from culture cylinder in open 
and paddy fields, the latter of which was devided into small plots by low 
dykes. 

(2) The viscosity of both the polished and unpolished rice increases 
with the quantites applied, but inverse is true with their surface tension. 

(3) The viscosity of the unpolished rice is larger and its surface tension 
smaller, than those of the polished. This is due to the separating-off of rice 
bran, containing a large quantity of fat and electrolyte, which have much to 
do with the viscosity and surface tension. 

(4) Relations between the viscosity of the unpolished rice paste and the 
fertilizer applied were as follows: 
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(a) The composition of fertilizer, giving the largest viscosity. 


Name of experiment 

“Uwadai” soil 

“Shitadai” soil 

Cylinder culture 

Ammonium chloride 
Natrium phosphate 
Potassium sulphate 

Ammonium Sulphate 
Ca-Superphosphate 
Potassium Chloride 


Mineral fertilizer only 

Ammonium Carbonate 
Ca-Superphosphate 
Potassium Carbonate 

— 

Field experiment 

Mineral fertilizer 
and organic manure 

Farm yard manure 
Soy bean cake 
Ammonium Chloride 
Ca-superphospliate 
Potassium sulphate 

_ - 


(b) Relations between viscosity and the compounds of potassium, ammo¬ 
nium so far as their chlorides and sulphates are concerned, were : 

The viscosity of the plots of compounds of the same anion are always 
smaller than those of different anion given, and was no different tendency 
noticed between the “Uwadai” and the “Shitadai” soils. 


(5) Relation between the surface tension of the unpolished rice paste 
and fertilizer applied were : 

(a) The composition of fertilizers, giving the largest surface tension. 


Name of experiment 


“U wadai” soil 


“Shitadai” soil 


Cylinder Culture 


Farm yard manure 
Ammonium chlorides 
Ca-superphosphate 
Potassium sulphate 


Farm yard manure 
Ammonium chloride 
Ca-supe rphosph ate 
Potassium sulphate 


Mineral fertilizer only 


Field experiment 


Mineral fertilizer 
and organic manure 


Ammonium carbonate 
Ca-superphosphate 
Potassium chloride 


Farm yard manure 
Ammonium chloride 
Ca-superphosphate 
Potassium chloride 
Powdered limestone 



(b) Relations between the surface tension and the compounds of potas¬ 
sium and ammonium, so far as their chlorides and sulphates are concerned, 
were : 

The surface tension of the plots of the compounds of the same anion are 
generally larger than those of different anion given. 
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The Chemical composition of tunny liver oil. 

By 

Tetuo Tomiyama 
(Received Sept. 21, 1933) 

Introduction. 

In regard to the fatty acids of aquatic animal oils, much study has been 
made on their body fats, but comparatively little done on their liver oils. 
Concerning the study of the body fats of tunny (Thunnus orientalis) there is 

I. Okada’s work, but no researches have been done yet on the fatty acids 
of its liver oil. Again, with reference to the vitamin-A of tunny liver oil, 

II. Sekine’s work came to our attention years ago, but no determination 
has yet been made regarding its potency. Lately, Y. Kawakami has esti¬ 
mated by color reaction the quantities of vitamin-A contained in the liver 
oils of many kinds of fish, and reported that tunny liver oil contained 213.6 
units, while cod liver oil, 2.7^7.9 units. The author has made researches 
on the fatty acids of tunny liver oil and estimated the vitamin-A content by 
means of biological test. Of course the quantities of these fatty acids vary 
owing to the factors, such as the seasons of the year, the ages and the 
sexes of the fish, but it would seem possible to obtain the general inference 
regarding the contents. 


Experiment. 

(I) The Preparations of Sample Oil and Mixed Fatty Acids, and Their 
General Properties. 

The oil was obtained by grinding the liver which has passed a day in 
an ice box after catching the fish in spring time, making it dehydrated 
powder by mixing with anhydrous Na 2 SO*, then extracting with petroleum 
ether (b.p,<c50°). The extract was made to be a constant weight, removing 
the solvent under the current of C0 2 . The oil thus obtained was of liquid 
form having yellowish brown color, and in winter, it separated a little 
quantity of solid fat. Its general properties are as shown in Table 1 below. 
In spring time, the liver contains a large quantity of oil, and the quantity 
obtained amounted to 26^ of the fresh one. As its degree of unsaturation 
was high and its oxidation during the chemical treatment was considerable, 
special efforts have been made to perform the following treatments in dried 

co f . 
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Table 1 


Acid value 

28.0 

Reichert-Meissl value 

2.2 

Saponification value 

177.6 

Polenski value 

0.5 

Ester value 

149.6 

Specific gravity (15°C.) 

0.924 

Iodine value (WijV method) 

175.6 

Unsaponifiable matter 

1.6* 

Acetyl value 

31.5 

Melting point 28^29°C. 

Heliner value 

89.8 




The fatty oil was saponified by the usual method for about 40 minutes 
at 60°C , adding to it alcoholic caustic potash. After eliminating the un- 
saponifiable matter by ether, the saponified liquid was decomposed by H 2 S0 4 , 
and the liberatd fatty acids were transferred into ether and washed several 
times with water until free from mineral acid; then, they were dehydrated 
by anhydrous Na 2 S0 4 and the solvent was removed under diminished pres¬ 
sure. The mixed fatty acids thus obtained were of red brown color, and 
at ordinary temperature they were solid. The general properties of mixed 
fatty acids and of the divisions separated into the liquid and the solid by 
the lead salt ether method are as given in the following Table 2. 


Table 2 



| Mixed fatty acid 

| Liquid fatty acid 

Solid fatty acid 

Solidification point 

29.0°C. 

| - 


Melting point 

33~35°C. 

— 

51~54°C. 

Iodine value (Wijs) 

191.5 

240 

12.7 

Neutralization value 

188.8 

182.3 

210.3 

Mean molecular weight 

297.0 

307 

266.8 

Rhodan value 


122 


Ether insoluble bromide 


84 . 8 & 



(II) Isolation of the Fatty Acids. 

First of all, according to the Toyama's method, sodium salt of the highly 
unsaturated acid, which was soluble in acetone, was filtered from the insoluble 
salt of the mixed fatty acids; the insoluble part was dissolved by warming 
in a little quantity of 50% alcohol, and after neutralizing the excess of NaOH 
by acetic acid, the sodium salt was changed to the lead salt by pouring 
into the boiling 10% lead acetate; and was separated into two parts—the 
soluble and the insoluble in ether at ordinary temperature. Then, these 
parts were decomposed by 20% HC1 and transferred as free fatty acids into 
the petroleum ether (b. p. <50°) and freeing from the solvent at low tempe¬ 
rature under diminished pressure, each free fatty acid was prepared. 

The quaritities obtained from the mixed fatty acids were as follows : 
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(1) The highly unsaturated part, 3 §o/ 0) (2) The lowly unsaturated part, 
33and (3) The saturated part, 31 The degrees of the unsaturation 
and the average molecular weights, of the highly and the lowly unsaturated 
parts of the acids were as the following: 

Table 3 


] 

1 Highly unsaturated 
group 

Ixiwly unsaturated 
group 

Neutralization value 

1 

178.1 

1 | 

191.0 

1 

Mean molecular weight 

315.2 

293.8 

Iodine value 

(Rosenmund und Kuhnheim’s method) 

356.0 

155.5 

[__ __ 


(A) Researches of the Highly Unsaturated Part. 

25 g. of the fatty acid were changed to its methyl ester under C0 2 
atmosphere according to the Haller method, and it was fractionated by distill¬ 
ing in vacuo, and the results obtained were as given in Table 4. 

Table 4 


No. of 

Temp, of 

Distilling point 

Yield 

Iodine value 

Ester valu 

fraction 

air bath 

Temp. °C 

Press, mm. 

1 

190-200 

120—144 

0.4 

2.2 

169.6 

200.8 

2 

200-215 

160—173 

1.0 

4.2 

272.4 

184.5 

3 

220 

185-193 

1.5-2.0 

2.8 1 

i 

339.0 

176.4 

4 

227—230 

197—205 

2.0 

6.0 

362.1 ; 

168.5 

5 

235-240 

205-210 

2.0—2.5 

7.0 I 

274.0 

164.7 

Residue 



1 

! 

small quantity 


! 


In comparing the constants of each division in the foregoing table with 
the theoretical ones:— 


Iodine value Ester value 


C 18 H m -A-CH 3 ' 172.7 190.9 

CjgHjg-gOj-CHj 260.8 192.2 

C 20 H 39 _ 8 O 2 -CH ; , 319.3 176.4 

Cool I 33 — 10 O 2 -CII 3 369.0 163*1 


It will be noted that about 60 yi of the highly unsaturated acids was 
clupanodonic acid and it is possible to infer that the rest was 

composed of the fatty acids, namely, C^H^O*, C 18 Hj#_ 4 0 2 , (C u H aB ., l O s ?). 
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Furthermore, to ascertain these facts each division was changed to the 
reduced methyl ester (C„H 2n ^ 1 0 2 -CH 8 ), having them reduced in ether by 
hydrogen, using platinum black as the catalyser; the liberated acids (C n H 2u 0 2 ) 
were separated, the constants estimated, and the results obtained are as 
shown in Table 5. 


Table 5 


No. of 
fraction 

Reduced methyl-enters 

Freed reduced fatty acids 

Saponification value 

Melting point °C. ! 

! 

Sapon ification 
value 

Melting point 


Exp. 

Theor. 

Exp. 

Theor. 

Exp. 

Theor. 

Exp., 

Theor. 

(i) 

193.3 

188.3 

26—27 

38 

195.2 

197.3 

58 

69.3 



(C.sU^O.-CII,) 







(2) 

180.3 


36-37 

46—47 

178.0 


67-6 8 


(3) 

172.5 

172.0 

41-42 


173.5 

179.8 

69—70 

75 



( ^'20^43^2“^'^ ^3) 







(4) 

167.0 


45-46 


167.5 


74-75 


(5) 

160.9 

158.5 

47-48 

53—54 

194.0 

165.0 

79—80 

79-80 



(<K h,a-cii 3 ) 








To elucidate—it is inferrable that the division (1), the divisions (2) and 
(3), and the divisions (4) and (5) were composed of the unsaturated acids 
corresponding to stearic acid, arachidic acid, and behenic acid respectively. 

(B) Researches of the Lowly Unsaturated Part. 

(a) By the method of oxidation. 

20 g. of the fatty acids were changed by ITazura’s oxidizing method to 
oxidized acids using 3/4 o/ 0 KMn0 4 . These acids were extracted with 
petroleum ether and the unchanged fatty acids eliminated, and the quantity 
of the oxidized acids thus obtained was found to be about 10 g. This was 
again extracted for 20 hours with ether and the soluble part was separated 
from the insoluble. 

(1 ) The soluble part in ether:- The quantity obtained was 4.5 g.; recry¬ 
stallized twice from 90^ alcohol and once from 95 o/ 0 alcohol; mp. 118°^ 
119°C.; no change of m. p. in recrystallizing from ethyl acetate; the crystal 
was flat irregular hexagonal; the neutralization value of the acids were 175.7 
-**177.6 (The value as dihydroxy-stearic acid was 177.3). 

(2) The insoluble part in etherBoiled 8 times in a liter of water for 
l-v3 hours each. The quantity of the soluble part in hot water was 1.7g., 
and that of the insoluble part 1.0 g. The former contracted at 120°C., and 
melted at 166-*170°C., and a large part of it dissolved in 90 o/ 0 alcohol. 

In crystallizing "It formed flat hexagonal crystals; mp. 129^130°C.; the neu- 
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tralizing point 175.0. The latter is soluble in hot 90 o/ 0 alcohol and when 
recrystallized from 95^4 alcohol, ethyl acetate, m.p. became definite at 119° 
C; the neutralization value was 174.6. Viz. even though the insoluble part 
had been extracted for 20 hours with ether, dihydroxy stearic acid still 
remaining was a large part of it, and tetra hydroxy and hexahydroxy stearic 
acids might have been present there but the quantities of these acids were 
so small that their further examinations could not be carried out. 

(b) By the method of bromination. 

4.2 g. of the fatty acids were treated by the usual method and the brom¬ 
ides were obtained. 

( 1 ) The insoluble bromides in etherThe quantity obtained was 0.5 g.; 
the content of bromine in the insoluble part in hot benzene was 76.0 o/ 0 and 
in the soluble part 71.0 o/ 0 (The theoretical percentage as C^lI^OgBr^ was 
70.7694). Thus, it is readily seen that it was the decabromide of clupanod- 
onic acid. 

(2) The soluble bromides in ether Eliminating the excess of bromine 
and ether, and in extracting it with petroleum ether, a part became white 
precipitate. Besides, there was the coating of gelatinous substance on the 
vessel. The quantity obtained was small; the precipitate white, mp. 113°~ 
115°C.; perhaps, this part might have been the tetrabromides of linolic acid 
and isolinolic acid. 

( 3) The soluble part in ether and petroleum etherThe quantity obtained 
was 4.2 g. The bromine content was 39 the neutralization value was 
120; (the theoretical value as the dibromide of oleic acid C 18 H S8 0 2 Br 2 -36.18 
o/q Br; the neutralization value 126.9). It is clear that the greater part was 
the dibromide, though still mixed with tetrabromide. 

From the foregoing results, it is seen that a large part of the division 
of this lowly unsaturated fatty acids was composed of oleic acid, small 
quantities of linolic acid and the highly unsaturated acids. 

(c) Researches of the Saturated Fatty Acids. 

20 g. of the fatty acids were made to be their methyl esters by the same 
method as that used for the division (A), and by distilling twice at the 
different temperatures under diminished pressure, the divisions obtained are 
as given in Table 6. 


Table 6 





The 2 nd distillation 


The l Ht 


1 

1 

—-— 

— 


distillation 

Temp, of 

Distilling point 

Yield 

! 

Melting 

Neutralization value 

air bath 

Temp. 

Press. 

mm* 

point°C. 

I fraction 

(1) 160 

<140 

2.0 

: 

0.4 

16-19 

228.51 Mymtic acid 


i2) 170 

146—150 

2.0 

1.4 

18-20 

theor. 231.8 

/0.8 mm. 

(3) 173-190 

150^160 

2.6 

1.0 

19—22 

216.6* 

1136—147°C. 

(4)>190 

160 

3.0 

1.7 

26-27 

206.7 
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11 fraction 

(1) 175 

130 

1.0 

1.3 

23—24 

208.7 


(2) 180-390 

143—148 

1.0 

4.0 

23-24 

204.0 

0.8 mm. 

(3) 230 

155 

1.0 

0.3 

24 

207.6 

150—155 C C. 

(4) 

Residue 


0.8 


195.1 

Ill fraction 

(1) 183 

<140 

2.0 

0.6 

24 

202.3 


(2) 190 

145—150 

2.0 

0.5 

24 

205.3 

1.0 mm, 

(3) 190~200 

155-160 

2.0 

0.4 

27—28 

199.1 

160-168°C. 

(4) 205 

165—168 

2.0 

1.2 

27-32 

194.2 


(5) 

Residue 


1.7 

31-33 

186.1. 

IV fraction | 




Small 
; quantity 




Palmitic acid 
theor. 207.8 


Stearic acid 
theor. 188.3 


From these divisions the liberated fatty acids were prepared, and the 
results determined of their melting points and neutralization values were as 
follows: 


Table 7 


No. of 

Melting point 

°C. 1 


Neutralization value 

fraction 

Exper. j 

theor. | 

Exper. 

| theor. 

* 


a) 

45-50 | 


242.6 

\ 245.8' Myristic acid 

I < 

(2) 

47 1 

53.7 

235.5 

; _ c h ii 28 o : 

(3) 

61-62 


220.8 



(4) 

58-59 


217.5 


11 

(1) 

(2) 
(3) 

61-62 | 
62—63 

57—58 : 

62.5 

217.3 

215.1 

213.5 

1 218.9 Palmitic acid 

j' <' 1(i H,A 


(4) 

57-60 j 


198.0 



r a) 

— ! 


— 



(2) 

55-56 ! 


211.5 


Ill < 

(3) 

55-56 | 


206.5 



(4) 

68-69 ! 

72.0 

199.0 

197.3 Stearic acid 


(5) 

68-69 i 


195.0 

CiaH&po 


(III) The Vitamin-A Potency of Tunny Liver Oil. 

Albino rats weighing about 40 g. were fed with the vitamin-A free diet 
and, when their weight diminished and xerophtalmia appeared, the tunny 
liver oil mixed at the rate of 20 with olive oil was given to them 
through the mouth. The sample oil was prepared in the manner as follows; 
the fresh liver of tunny caught in February was dehydrated by anhydrous 
Na 2 S0 4 and was extracted with ether at low temperature. As shown in the 
diagram in case 0.2 mg. or more of the Biosterin was given to each of the 
animals per day, they were perfectly cured, while the tunny liver oil showed 
its complete curative power when 9 mg. or more of it was given. 

Considering from the fact that relatively large amount of the Biosterin 
was required at the present test, it is inferrable that the curative power of 
the tunny liver oil is approximate to that of a commercial cod liver oil. 
This may also Be verifi ed from the fact that its color reaction by antimony 
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trichloride is about the same as that of the Shimoda’s cod liver oil on 
market. 



Summary 


(1) The isolation and determination of fatty acids of tunny liver oil 
were performed, and further the examination of the curative value of its 
vitamin-A was carried out. 


(2) 

The fatty acids 

contents 

of the liver oil, collected 

in spring, were 

about as 

follows: 

Oleic acid 

30% 

Clupanodonic acid 

72% 


Arachidonic acid 

20% 

Palmitic acid 

19% 


Stearic acid 

7% 

Myristic acid 

5% 


Small amount of Linolic acid. 

(3) The curative power of the vitamin of this oil was determined by 
biological test, and 9 mg. of the oil per day for one albino rat was found to 
be sufficient. 

Before closing this article, the writer wishes to express to Profs. U. 
Suzuki and M. Yamagawa his sincere acknowledgement and appreciation for 
their kind direction given him throughout this research work. 
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Biochemistry of Filamentous Fungi in* 

A Metabolic Product of Aspergillus melleus Yukawa. Part II. 

By 

Hidejiro Nishikawa. 

( Tottori Agricultural College .) 

(Received Sept. 6, 1933) 


In Part I (1) the writer described a crystalline substance, mellein C 10 H 10 O 

Sf 

which is produced by Aspergillus melleus Yukawa in a medium containing 
sugar as the sole source of carbon. Further investigation is now reported 
which may serve to elucidate the structure of mellein. 

Action of hot strong nitric acid on mellein produced its dinitro-derivative. 
Mononitromellein already reported in Part I also gave this substance when 
further nitrated. 

Mellein has no methoxyl. It has a hydroxyl group which is acetylated 
by means of acetic anhydride and pyridine yielding monoacetylmellein. Mo¬ 
noacetyl-, mononitro-, and dinitromellein are all laevo-rotatory as mellein 
itself. 

When mellein was submitted to potash fusion at about 200°, it was 
smoothly converted into an unsaturated acid, which has the same molecular 
formula, C 10 H 10 O 3 . This acidic isomer of mellein, which is now named mel- 
leic acid, is monobasic and has no rotatory power. It absorbed catalytically 
two atoms of hydrogen giving a saturated acid, C 10 H, 2 O 8 . 

Methylation of melleic acid with diazomethane gave monomethyl ester 
of melleic acid which gives a violet FeCJ 3 reaction and is readily reconverted 
into melleic acid on treatment with alkali. Acetylation with acetic anhydride 
and pyridine produced its monoacetyl derivative which is a monobasic acid 
and gives no FeCl 3 reaction. 

Potash fusion of. mellein in the neighbourhood of 300° proceeded with 
vigorous effervescence and produced along with a trace of cresol a fair amount 
of an acid which, from analyses, melting points and other properties of itself 
and its acetyl derivative, is identical with 6-hydroxy-2-methylbenzoic acid 
(I) obtained by Anslow & Raistrick C2) as a metabolic product of Pcnicillium 
griseo-fulvum Dierckx. Melleic acid too was decomposed into this acid 
when fused with KOH, 

From the facts mentioned above the formula of melleic acid will probably 
be represented by (II). 

(1) Bull. Agdc. Chein. Soc, Jap., 9, 107 (1933). 

( 2 ) Anslow & Raistrick: Biochem. J„ 26, 43 (1931). 
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To mellein itself structural formulae, (III) or (IV), may be assigned which 
satisfy the requirements of the facts so far known. Further experimental 
evidence will however be necessary for definite conclusion. 

Both melleic and dihydromelleic acids give violet coloration with FeCl 3 , 
colour tone being identical with that of mellein itself and again indistinguish¬ 
able from that of salicylic acid. 

Mellein gives with alcoholic potash beautiful lilac fluorescence. 


Experimental. 

Dinitromellein. 

One gram of mellein was boiled with 10 c.c. cone. HNO a (sp. gr. 1.4) 
under reflux for 2 hours. On cooling, pale yellow needles separated (0.85 g), 
which after recrystallized from MeOH melted at 160°, (Found: C, 44.73; 
H, 3.37. C 10 H 8 O 7 N 2 requires C, 44.78; II, 2.99 o/ 0 . [«]»«_ 508°.68). Further 
nitration of mononitromellein gave identical dinitro-derivative, m.p. 160° 
alone or mixed. At one experiment a variety of dinitro compound of 
m.p. 125°, thin plate crystals from MeOH, was produced; it cannot however 
be prepared again. (Found: C, 44.38; II, 3.15 o/ 0 ) m 

Acetylmellein. 

1 g of mellein was incubated with 4 c.c. acetic anhydride and 8 c.c. 
pyridine for 2 days at 35°. When the mixture was diluted with water and 
acidified with II 2 S0 4 , crystalline grains separated (0.8 g). Further 0.2 g was 
cropped from mother liquor by extraction with ether. Recryst. from water, 
thick hexagonal plates, m.p. 126°. (Found: C, 65.36; II, 5.55. C I2 H 12 0 4 
requires C, 65.45; H, 5.45^. [a] 2 D 8 =-171°,80). 

Melleic acid. 

1 g of mellein was fused with 10 g of KOH at 200°. The fusion 
proceeded without effervescence. The melt was dissolved in water and 
saturated with C0 2 . Ether extracted practically nothing from it. On 
acidifying the solution with H 2 S0 4 colourless needle crystals separated (0.8g), 
which melted at 170° after recrystallisation from water. Extraction of the 
filtrate with ether gave further 0.2 g of impure substance. (Found :C, 67.67; 
H, 5.78. C 10 H 10 O a requires C, 67.42; H, 5.62 o/ 0% Molecular weight estimated 
by titration. Found: 178.9. Calc.: 178). Melleic acid closely resembles 
salicylic acid in appearance. 
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Dihydromelleic acid. 

0.5 g of melleic acid was catalytically hydrogenated in an ether solution, 
0.2 g Pd-BaS0 4 being used as catalyst. The reaction finished in a few 
minutes. Residue from the ether (yield theoretical), when recrystallized from 
water, separated in colourless needles similar to melleic acid. M.p. 116°. 
(Found : C, 66.71; 6.78. C 10 H 12 O 3 requires C, 66.67; H, 6.67 yi). 

Melleic acid methyl ester. 

An excess of diazomethane in ether solution was added to the solution 
of melleic acid in the same solvent. After immediate brisk evolution of gas 
ceased, ether driven off, the residue, for purification, was dissolved in alcohol, 
cooled in ice, and precipitated by adding ice-cold water. It has weak but 
characteristic smell. (Found: C, 68.72; II, 6.52, C n H 12 0 8 requires C, 68.75; 
H, 6.25 o/ 0 y Dihydromelleic acid gave a liquid derivative when treated 
with diazomethane as above. Mellein did not react with diazomethane under 
the same experimental condition. Melleic acid was regenerated when the 
methyl ester was hydrolysed by warming with dilute NaOH and then acidi¬ 
fied. The substance obtained melted at 170°, alone or mixed with an 
authentic specimen of melleic acid. 

Acetylmelleic acid. 

0.5 g of melleic acid was incubated at 35° with 2 c.c. acetic anhydride 
and 4 c.c. pyridine for 4 days, The mixture was cooled, diluted with water, 
acidified with H 2 S0 4 and extracted with ether. The syrupy residue from 
the ether solidified to a crystalline magma while left in vacuum over KOH. 
Colourless angular grains, freed from mother liquor on porous porcelain, 
melted at 110°. No suitable solvent for recrystallization having been found, 
the substance was analysed without further purification. (Found: C, 65.02; 
H, 5.53. C 12 H 12 0 4 requires C, 65.45; H, 5.45 o / 0 ). Titration with N /10 NaOH 
gave an equivalent of 223.3, assuming this to be a monobasic acid. Theo¬ 
retical 220. An excess of N /10 NaOH was added to neutralised solution 
of the acid, the mixture boiled for 2 hours under reflux, cooled, and excess 
of alkali titrated with Nf 10 HC1. Acidity equivalent to monoacetyl was 
produced during hydrolysis. 

6-Hydroxy-2-methylbenzoic acid. 

1 g of mellein was submitted to potash fusion with 10 g of KOH at 
300^310°. Vigorous evolution of gas took place. The fused mass was 
dissolved in water, saturated with C0 2 , and extracted with ether. When 
the ether was driven off, a minute quantity of oily matter remained having 
strong smell of cresol. The solution after being acidified was again extracted 
with ether. The residue from the ether (0.7 g) crystallized from water in 
colourless needles, m.p. 170°. (Found: C, 62.90; H, 5.45. C 8 H 8 0 3 requires 

C, 63.16; H, 5.26 o / 0 . Mol. wt, by titration 150. Calc. 152). The substance 
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described by Anslow & Raistrick has m.p. 170^171°. Other properties 
are also identical. 

Acetyl derivative of 6-hydroxy-2-methylbenzoic acid. 

0.4 g of 6-hydroxy-2-methylbenzoic acid, 2 c.c. acetic anhydride and 
4c.c. pyridine were mixed and incubated at 30° for 3 days. The mixture 
was diluted with H 2 0, acidified with H 2 S0 4 , and extracted with ether. The 
residue from the ether crystallized from benzene in colourless prisms (1st crop 
0.2 g), m.p, 131°. (Found: C, 61.89; H, 5.29. C 10 H 10 O 4 requires C, 61.85; 

H, 5.1694). Titration with N /10 NaOH to phenolphthalein gave an equival¬ 
ent of 194.6. Theoretical 194. Boiling with an excess of N /10 NaOH and 
back titration with N /10 HC1 showed that acidity equivalent to monoacetyl 
was produced during the hydrolysis. Acetyl derivative prepared by Anslow 
& Raistrick melts at 131°. 


On the Physiologically Active Isomer of 
Bredt’s 5-Oxo-camphor. 

By 

Kunijiro Takeuchi and Yoshikazu Sahashi. 

(Received August 29, 1933) 

During the studies on the camphor group the present authors have 
observed that the Bredt’s 5-oxo-camphor, prepared from borneol cl) can be 
transformed into its so-called enol-isomer by prolonged boiling with hexane 
in the following way: 



6h 3 

7 


Bredt’s 5 -oxocamphor Enol-isomer 

(prismatic crystal) (irregular plate) 

The prismatic crystals are converted thereby into irregular plates and 
at the same time acquire the property of stimulating the heart of animals 
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while the keto-isomer has no such activity. 

This observation led the authors to examine the so-called allo-j>oxo- 
camphor prepared by Tamura, Asahina and co-workers, c2) to determine whether 
or not the active component in the said preparation is identical with the 
enol-isomer mentioned above. For this purpose, 5-oxy-camphor was first 
prepared from the urine of dogs administered with camphor per os and it 
was converted into allo-j>-oxo-camphor by carefully oxidizing with sulphuric 
acid and sodium bichromate, following the method of above authors. 

This preparation is stated by these authors to be the mixture of keto- 
and enol-isomers of the following formulae: 

C 



( Allo-p-oxo-camphor ) 

Under the microscope, it was revealed to be the mixture of two kinds 
of crystals, i. e. the prisms and irregular plates as stated by these authors. 

The present authors have now observed that by prolonged boiling 
with hexane the prismatic crystals in the above preparation were gradually 
conveited into plate ones and the latter was exactly identical, both in its 
chemical properties as well as in its physiological behaviours, with the enol- 
isomer of the synthetic 5-oxo-camphor, the stimulating action upon the heart 
of animals being estimated to be quite similar in both cases. (3) 

Further, the present authors have regenerated 5-oxy-camphor by reducing 
the enol-isomer of the synthetic 5-oxo-camphor and proved it to be identical 
with the preparation, isolated from dog’s urine according to the method of 
Asahina and co-workers. 

This relation may be briefly stated in the following scheme: 

H H 

C C 
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5-Oxy-camphor 


5-Oxy-camphor-glucuronate 

I 


Dog’s urine 


The question, whether the enol-isonier mentioned above is represented 
by the formula (I) or (II) remains to be settled. 
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The present authors are however inclined to accept the formula (I) from 
the following reasons : 

( 1) There is no absorption spectra or any chemical reaction indicating 
the presence of double bond. 

(2) 5-Oxo-camphor of keto form (prismatic crystals) cannot be hydro¬ 
genated with hydrogen and platinum while the enol-isomer is slowly reduced 
to 5-oxy-camphor. (4) This is in analogy with the fact that a-pericyclocam- 
phane can be reduced to camphane by hydrogen and platinum and to iso- 
camphane by hydrogen and nickel. 



I so-camphane a-Pericyclo-camphane Camphane 

(a-Tricyclene) 


(3 ) Bredt and Holz (6} proved experimentally that diazocamphor derived 
from a-amino-camphor does not form camphenone by heating but gives /?- 
pericyclocamphanone. 



a-Ami nocamphor 


Diazocamphoi 
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/9-PericycIo-camphanone 


Camphenone 


Further it is well known that borneol is transformed to camphene by 
dehydrating agents but not to bornylene. 



So the existence of double bond in the enol-isomer of 5-oxo-camphor is 
very improbable and the authors believe that the formula (I) (tricyclene form) 
is in better accordance with various facts. 


Experimental 

I. Synthetical Preparation of 5-Oxo-camphor from 
Borneol after Bredt. 

(1) 5-Oxo-borneol: Bornyl-acetate [b p/4*mm = 80^81° (uncorr.)] was 
first prepared from borneol by heating with acetic anhydride and it was 
oxidized into 5-oxo-bornyl-acetate fbp/4^5mm= 125-^127° (uncorr.)] with 
chromic anhydride in glacial acetic acid. The latter was then saponified 
with alcoholic potash in the usual way and after evaporating oflf the alcohol, 
the residual solution was saturated with C0 2 and extracted with ether. The 
6-oxo-borneol thus obtained was recrystallized from alcohol; m p = 232-^ 
235° (uncorr.), +82.1° in alcohol (c = 2.46), '(Bredt’s 6-oxo-borneol; 

mp oe 238^246° (uncorr.), -f 71°). 

The authors are indebted to Messers T, Iki and K. Tanaka for analyses. 
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Analysis: 3.781 mg subs, gave 9.919 mg C0 2 , 3.274mg HjO; 

C« 71.55#, II = 9.69?*. 

4.021" " " 10.564 " ", 3.509mg HjO; 

C = 71.65?*, H=9.76?*. 

Calc, for C 10 H lt jO 2 C = 71.37?*, H = 9.59?*. 

(2) 5-Oxo-camphor: This was obtained by oxidizing the 5-oxo- 
borneol, mentioned above, with chromic acid in boiling water-bath and was 
recrystallized from ligroin in prismatic crystals (Photo. 5); m p =s 207°(uncorr.), 
[a]}J°°= + 103.5° in ligroin (c = 2.025). (Bredt’s 5-oxo-camphor; mp= 206.5 
—206.7°, [a]l;- 5O =+103°). 

Analysis: 3.882 mg subs, gave 10.282 mg C0 2f 2.950 mg H 2 0; r 

0 = 72.23?*, H=8.50?*. 

4.111" " " 10.870 " ", 3.137mg H 2 0; 

0 = 72.11?*, H = 8.54#. 

Calc, for C 10 H 14 O 2 C = 72.28?*, H = 8.44?*. 

(3) The enol-isomer of 5-oxo-camphor: When 5-oxo-camphor (pris¬ 
matic crystals) obtained as above was boiled with ligroin or hexane for a 
long time,* it was converted into its enol-isomer, which crystallized in 
colourless irregular plates (Photo. 6). 

The preparation treated with ligroin : mp = 209—210° (uncorr.); [a]}J ,0 ° 
= +144.6° in ligroin (e =* 2.109). 

The preparation treated with hexane: [«]}J* 0 ° = +147.3° in ligroin (c = 
1.988). 

The preparation purified from ligroin, was analyzed. 

Analysis: 4.040 mg subs, gave 10.688 mg C0 2 , 3.150mg H 2 Oj 

0.1993 g subs. 26.92 g benzol gave J = 0.22; 

C = 72.15?*, H = 8.72?*, mol. wt. = 168. 

Calc, for C 10 lI 14 O 2 C = 72.28?*, H = 8.44?*, mol. wt. = 166. 

(4) Semicarbazone of the enol-isomer: When the enol-isomer, men 
tioned above, was treated in the usual way with semicarbazide hydrochloride 
and Na-acetate and the reaction product was recrystallized from alcohol, 
the mono-semicarbazone was obtained as colourless needles; soluble in alcohol, 
mp =s 230—231° (uncorr.). 

Analysis: 3.810 mg subs, gave 0.6070 c.c. N 2 (758.5 mm, 19°C) ; 

N = 18.60?*. 

3.445 " " " 0.5468 " N 2 (762.5 mm, 18.5°C); 

N = 18.56?*. 

Calc, for C n H l7 0 2 N3 N = 18.80?*. 

# We have also prepared the above enol-isomer from Bredt’s prismatic 5-oxo-camphor by 
heating at 20d°O in a sealed tube, which was previously evacuated by means of high vacuum 
pump. 
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It was observed that the above enol-isomer had the activity upon the 
heart of animals similar to the preparation obtained from dog’s urine. 

II. Regeneration of 5- Oxy-camphor by the Reduction 
of the Enol-isomer of 5 -Oxo-camphor. 

(1) Five grams of enol-isomer of 5-oxo-camphor, synthetically prepared 

from borneol, were dissolved in 5 g acetic acid and treated with hydrogen 
gas for 50*wl00 hours, using platinum-black as catalyst. The solution was 
then diluted with water, filtered from the catalyzer, neutralized with sodium 
carbonate and extracted with ether. The etherial solution was evaporated 
to dryness and the crystalline residue thus obtained was treated with 10 % 
caustic potash and converted into acetate. By saponifying the latter, 5-oxy- 
camphor was regenerated. When recrystallized from large amount of ligroin 
it formed nice characteristic crystals (Photo. 7); mp = 220^222° (uncorr.), 
[a]y*°°= +18.5^50.2° in ligroin, +47.5° in alcohol (c = 2.862). Mixed 

with pure specimen of 5-oxy-camphor (mp= 222.5°, [a] 1 I f ,3 °=+47.6°) prepared 
from dog’s urine, no depression of melting point was observed. 

Analysis: 4.340 nig subs, gave 11.295 mg C0 2f 3.679mgH 2 0; 

C = 70.98?*, H = 9.48?*. 

4.025 " " " 10.510" ", 3.430 mg HoO; 

C = 71.21?*, H = 9.53?*. 

Calc, for C 10 II l(> O 2 C = 71.37?*, H - 9.59?*. 

(2) 5-Oxy-camphor-semicarbazone was prepared from the above sample 
in the usual way; mp = 220° (uncorr.). 

Analysis: 3.960 mg subs, gave 0.5998 c.c N 2 (770 mm, 17.5°C); 

N « 18.03?*. 

Calc, for C 11 H ly 0 2 N 3 N = 18.6?*. 

(3) 5-Acetoxy-camphor was prepared from the same sample by heating 
with acetic anhydride in the usual method and purified by distilling in 
vacuum; colourless liquid, bp (25 mm) = 137^140°C (uncorr.). 

Analysis: 5.054mg subs, gave 12.730 nig C0 2t 3.982mg II 2 Oj 

C = 68.69?*, H = 8.81?*. 

5.018" " " 12.633 " ", 3.910 mg H 2 0; 

C =s 68.66?*, II = 8.71?*. 

Calc, for C 12 H lg 0 3 C = 68.57?*, H = 8.5?*. 

(4) 5-Acetoxy-camphor-semicarbazone was prepared from the above 
acetate; mp = 197^200°C (uncorr.). 
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Analysis : 3.476 nig subs, (dried at 100°C) gave 7.338 nig C0 2 , 2.578 mg HjO; 

C- 57.57#, H-8.28#. 

3.648 " " (dried at 150°C) " 7.783 " " . 2.660 mg H s O; 

C = 58.17#, H = 8.15#. 

Calc, for C n H 21 0 2 N, C = 58 42#, H = 7.90#. 

3.040 mg subs, (dried at 150°C) gave 0.4185c.c. N 2 (763 mm, 28°C); 

N = 15.63#. 

2.877 " " (dried at 150°C) " 0.4057c.c. No (759 mm, 28°C); 

N = 15.97#. 

Calc, for C n H 21 0 2 N 3 N = 15.73#. 

111. Isolation of 5-Oxy-camphor from Dog’s Urine . 

(1) 5-Oxy-camphor was isolated from dog’s urine according to the 
method of Y. Asahina and M. Ishidate, and after boiling with 10 o/ 0 caustic 
potash for an hour, it was converted into the acetate. The latter was then 
saponified with alcoholic potash in the usual way and recrystallized from 
ligroin (Photo. 10) : 

mp = 222.5°C (uncorr.); [a]^-°°==-f 43.9° in abs. alcohol (c = 2.956) or 

[a]J« 6 °=+47.1° in abs. alcohol (c= 2.564). 

Analysis: 3.792 mg subs, gave 9.842 mg C0 2 , 3.330 mg II 2 0; 

’ C = 70.79#, H = 9.82#. 

4.500 " » » 11.700 " " , 3.878 mg 11,0; 

C = 70.91#, II = 9.64#. 

Calc, for C 10 lI 1(i O. C =' 71.37#, H = 9.59#. 

(2) 5-Acetoxy-camphor was prepared from the above sample; b p (25 
mm) = 150^151 °C (uncorr.). 

Analysis : 4.444 mg subs, gave 11.141 nig C0 2 , 3.418 mg II 2 0 ; 

* C = 68.37#, H = 8.60#. 

Calc, for C l2 H 18 0 3 C = 68.57#, H = 8.5#. 

(3) 5-Acetoxy-camphor-semicarbazone ; mp = 180-—190°C (uncorr.). 

Analysis: 4.210 nig subs, gave 8.964mg CO., 3.047 mg H 2 0; 

* C = 58.07#, H = 8.09#. 

4.088 " " " 9.5468c.c. N 2 (764mm, 22.5°C); 

N = 15.53#. 

Calc, for C t3 H 21 0 2 N 3 C = 58.42#, H = 7.90#, 

N = 15.73#. 

The above data agree fairly well with those reported by Y. Asahina 
and M. Ishidate* as shown in the following Table: 


* We have also isolated 5-oxy-camphor form the urine of rabbits administered with cam¬ 
phor per os, and confirmed it to be identical with the preparation obtained from dog’s urine, 
mpa 215~217°c (uucorr.). 

Analysis: 3.325mg subs, gave 8.660mg C0 2 , 2.880mg HjO; 

C = 71.04#, H « 9.69#. 

3.483 " " " 9.088 " " 3.024 mg HjO; 

* C = 71.16#, H = 9.71#. 

Calc, for C 10 H l0 Oj C - 71.37#, H * 9.5#. 
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Present authors 


V. Asaliina ami 
M. Ishulate 


5-C )\y-c.iin]>lu>r 


5-Aa:to\y-iMinphor 


5-Acetc>\y-camphor- 
scmicarl >.u«»nc 


m p — 222.5°C; 
l«]f, u °= -t 43.9“ 'n alcohol; 
(’ = 70.85^, U = 9.73^. 

1. p (25 mm ) = 150~151°<!; 
<1 = 68.37^, II = 8.60?». 

m [> = 180—190 o (' ; 

C - 58.07"o, 11 = 7.90?£. 

N= 15.53^. 


in p =r 222° r ; 

= I-43.2° in alcohol; 
C = 70.9^ f It = 9.7^. 

j h p (27 mm) = 158-160°C. 

I 

j m p = 180 - 185 °C; 

| N = 16.01?*. 


IV. Otidafion of S-Oxy-camphor. 

5-Oxo-camphor: The purified 5-oxy-camphor mentioned above was 

converted into 5-oxo-camphor by oxidizing with sulphuric acid and potassium 
bichromate at 50^60° in the same way as reported by Asahina and Ishidate 
and recrystallized from hexane; inp = 197^200° (uncorr.), = + 70.8° 

in abs. alcohol (c = 2.9<88). 

Analysis: 3.288 mg subs. gave 8.640 mg Cf> 2| 2.770 nig ILO ; 

C = 71.66 %, H = 9.42?*. 

Calc, for C, 0 II 14 O :t C = 72.28?*, H = 8.44?£. 

The 5-oxo-camphor thus obtained was revealed to be the mixture of two 
kinds of crystals i, e. the prisms and irregular plates (Photo. 8) but on 
prolonged boiling with hexane, the prismatic crystals were gradually converted 
into plate form (Photo. 9); m p = 195^2()0°C (uncorr.), = +101.0° 

in alcohol (c — 3.200). 

Analysis: 3.683 mg subs, gave 9.635 nig Cf> 2f 3.030 nig II./); 

C = 71.35%, H = 9.20^. 

Calc, for C 10 lC = 72.28^, II « 8’44?*. 

The stimulant action of the above compounds upon the heart of animals 
were determined according to LangendorfPs method, and the results are 
shown in the following Photos (Photo. 11^20). 


The authors wish to express their sincere thanks to Professors U. SiTzuki, 
T. Shimamura and T. Yabuta for their kind advices throughout this work. 
Thanks are also due to Dr. S. Kato and Mr. T. Shimamoto for their kind 
help. 
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Photo. 1 — Commercial Vitacamphor 

('0.0325^ ‘ n 50 c.e. watery. 


i ■? 


rfiHBHMHI 


fft -- 


kUUlAu^ J 



CH 



Photo. 2—Bornylene (0.0094 k in 50 c.c. ether). 







Nos 10—12] 


161 



CH 


OCr 


'^ch 2 


H 3 C-C-CH 3 


HoC 


CO 


c 

ch 3 

Photo. 3—5-o\o camphor (prismatic form) 
( 0.083011 hi 50 <'.c. ether). 



H 

C 



Photo. 4 —Synthetic enol-form of 5-oxo-camphor 
(plate form) 

(1/100 m«»I ether) 
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after 5 min after 22 min 

Photo. 11—Showing the action of synthetic 5-ovo-camphor (in p 207 °, [7/J[j’= + 
103 ) 0.5 c c, iijxin tlie heart of guinea pig. 



after 8 min 


after 20 min 


photo. 12—Stimulant action of synthetic 5-o\o-eamphor (plate form; mp 210 °» 
[ali> =+ 144 . 6 °) u[x>n the heart of guinea pig; 0.1 %, 0 . 5 c.c. 



after 10 min after 18 min 

Photo. 13 —Stimulant action of synthetic 5-oxo-camphor (plate-form; mp 210 °, 
Wi > = + 144 . 6 °) ujxm the heart of guinea pig; 0.5^» 0.2c.c. 
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afttu 18 min 

Photo. 14—Stimulant action of synthetic 5-oxo-camphor (plate-form; m j) 210°, 
la Jn = +144.6° ) ujK»n the heart of rahhit ; 0.5 %, 0.4 c.c. 




after 8 min after 40 min 

Photo. 16—Stimulant action of synthetic 5 _ox y-camphor (nip 220^221°), 

% [a]i> — +18°) upon the heart of guinea pig; 0.5%, 0.5 c.c. 
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Photo. 17 —Stimulant action of 5-o\y-camphor from dog's urine (m p 222 . 5 °, 
La]i)-+43.9) upon the heart of rat; 0 . 5 ? 6 t 0.5 O*. 



after 12 min after 30 min 

Photo, IN—Stimulant action ol 5-o\o-»\amphor from dog’s urine (mixture of 


plate and prisms; m p 195 ^ 200 °C, [a]i)-= 170 °) u|x>n the heart of 
guinea pig; 0 . 5 ?£, 0.2 c.e. 



after 7 min after 17 min 

Photo. 19—Stimulant action of 5-oxo-camphor from dug’s urine (plate form; 

m p 195^200°^, [a]u = + 101.6°) upon the heart of rat; 0.5?*, 0.5 c.c. 
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after 10 min after 30 min after 60 min 

Photo. 20—Stimulant action of S-^n-camphor from dog's urine (plate form; 

m p =r 195—200°, [a]l> = +101.6°) ujHJii the heart of guinea 
pig; 0.5?*, 0.2 c.c. 
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On the Organic Bases, especially Agmatine of “Di-Sake”. 

By 

Kotaro Nikiiida and Aritomo Yamaha 

( Kagoshima Agricultural College , Kagoshima Japan ) 

(Recievecl July 6, .1933) 


Recently one of the authors (Bull. Agr. Chcm. Soc. Japan, Vol. 8, Nos. 
10^12, 151) reported that the occurrence of hypoxanthine, arginine, choline 
and ammonia in “di-sake”, which is a kind of “sake” resulting after pressing 
the fermented rice. 

In this experiment, the authors isolated hypoxanthine, choline, ammonia, 
betaine and agmatine from “di-sake”. 
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Experimental part. 

Experiment 1. 

For the isolation of the organic bases 20 litres of the “di-sake” were 
evaporated under reduced pressure to a small volume, almost equal to 1/3 of 
the original. After this operation the protein substance and other impurities 
were removed by lead acetate, and excess of the lead by ILS0 4 , and then 
the organic bases were precipitated by phosphotungstic acid. And according 
to the general method the precipitate formed by phosphotungstic acid was 
fractionated into three fractions, and in each fraction researches were made 
about the organic bases. 

(1 ) Purine base-fraction (hypoxanthinc) 

The yield of the base from this fraction was 0.60 g. as hydrochloride. 
On analysing this hydrochloride, the following result was obtained: 

0.1196 g. subst. 0.03483 g. N 29.12% N 

Calc, for C 5 H 4 N 4 0»HCI*II 2 0 (Hypoxanthine hydrochloride) 29.41% N 

The chloroaurate of the base formed yellow prisms, decomposed at 248°C. 
0.1106 g. subst. 0.0453 g. Au 40.96% Au 

0.0871 g. subst. 0.0358 g. Au 41.10% Au 

Calc, for C 5 If 4 N 4 0«HCl*AuCl 5 (IIypoxanthine chloroaurate) 41.42% Au 

(2) Arginine-fradion [agmatine) 

The yield of the base from this fraction was 1.40 g. as nitrate. 

The nitrate of the base, easily soluble in water and given strong Saka- 
guchi’s reaction, crystallized in bright colourless thin leaflets, and melted 
at 150— 151°C. 

Its analytical results agreed with the nitrate of the compound, which 
has the formula C 5 H 14 N 4 . 


No. 

Subst. mg. 

C0 2 mg, 

HjOmg. ! 

c% 

H% 

N% 

a) 

3.233 

2.840 

1.878 

23.96 

6.49 

— 

(2) 

2.963 

2.600 

1.720 

23.93 

6.49 

— 

(3) 

3.486 

3.048 

2.040 

23.90 

6.53 

— 

(4) 

5.217 | 

1.4504c.c.N(23.0 , C., 763.0 m.m.) 

32.19 

(5) 

3.307 | 

0.9261 c.c.N(23.5°C., 763.5 m.m.) 

32.39 

Calc, for C 5 H 14 N 4 .2IIN0 3 

23.42 | 

6.30 

32.81 


The nitrate was converted into picrate by adding Na-picrate to its 
aqueous solution. The picrate formed deep yellow’ prisms, hardly soluble in 
water, and decomposed at 239 °C. 

0.0412 g. subst. 0.0755 g. nitronpicrate 77.55% picric acid 

Calc, for C 5 H 14 N 4 *2C 6 H 3 N 3 0 7 (Agmatine picrate) 77.88% picric acid 
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The chloroaurate of the base was prepared from the hydrochloride, which 


was obtained by decomposing the picrate by HC1. 

0.2387 g. subst. 0.1166 g. Au 48.85# Au 

0.3251 g. subst. 0.1593 g. Au 49.00# Au 

Calc, for CgH^N^HCUsAuClg (Agmatine chloroaurate) 48.67# Au 

The chloroplatinate of the base, easily soluble in water, crystallized in 
orange yellow prisms and decomposed at 216°C. 

0.1152 g. subst. 0.0420 g. Pt 36.46# Pt 

Calc, for C 5 H 14 N 4 *2HCl»PtCl 4 (Agmatinechloroplatinate) 36.14# Pt 


From these results, the organic base obtained from the arginine-fraction 
of “di-sake” is no doubt agmatine. 

(3 ) Lysine-fraction {betaine and choline ) 

The hydrochloride obtained by this fraction, was treated with absolute 
alcohol and separated into two portions. 

(a) Insoluble portion by absolute alcohol: Yield, 0,80g. It was colour¬ 
less short prisms, and the derivatives were prepared as follows: 

The picrate formed greenish yellow prisms and melted at 181 c C 
The chloroaurate of the base, hardly soluble in water, crystallized in 
golden yellow plates of pearly lustre and decomposed at 242°C. 


0.2279 g. subst. 0.0983 g. Au 43.13# Au 

0.1973 g. subst. 0.0849 g. Au 43.03# Au 

Calc, for C 6 H n N0 2 «HCI. AuC 1 3 (Betainechloroaurate) 43.14# Au 

The chloroplatinate, easily soluble in water, formed orange yellow prisms 
and melted at 246 °C. 

0.2322 g. subst. 0.0699 g. Pt 30.10# Pt 

Calc, for (C 5 H n NOo»HCl) 2 PtCl 4 (Betainechloroplatinate) 30.25# Pt 


(b) Dissolved portion by absolute alcohol: Saturated alcoholic solution 
of HgCl 2 was added to this portion. 

The hydrochloride of the base obtained from the HgCl 2 -precipitate, formed 
colourless, hygroscopic, and large prisms and gave the alloxan reaction. 
Yield: 4.20 g. as hydrochloride. The chloroaurate formed yellow mossy 
crystals, and was sparingly soluble in water; the melting point was deter¬ 
mined as 259°C. 

0.1671 g. subst. 0.0739 g. Au 44.23# Au 

0.1716 g. subst. 0.0757 g. Au 44.11# Au 

0.1628 g. subst. 0.0724 g. Au 44.47# Au 

Calc, for C 5 H J4 NOC1 *AuC 1 3 (Cholinechloroaurate) 44.49# Au 

Experiment IL 

In the second experiment on the isolation or organic bases from “di¬ 
sake”, 26 litres of the sample was employed and treated like the first ex¬ 
periment ; and the quantities of substances isolated by the second experiment 
were as follows 
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Hypoxanthine (as hydrochloride) 0.70 g. 

Agmatine (as picrate) 4.60 g. 

Betaine (as hydrochloride) 0.40 g. 

Choline (as chloroaurate) 32.00 g. 


Summary. 

(1) In the above experimental result the nitrogenous compounds isolated 
from “di-sake” are : 



In the first experiment 
| (Sample 20 litres) 

In the second experiment 
(Sample 26 litres) 

Hypoxanthine (as hydrochloride) 

0.60 g. 

0.70 g. 

Agmatine ! 

1.40 g. (as nitrate) 

4.60g. (as picrate) 

Betaine (as hydrochloride) 

0.80g. 

0.40 g. 

Choline 

4.20 g. (as hydrochloride) 

32.00g. (as chloroaurate) 

Ammonia i 

4.73g. (determined) 

— 


(2) It is the interesting fact that ths “di-sake” contains fairly amount 
of agmatine, which had never been isolated from any other fermentation 
products. 


Feeding Experiments with Decomposition 
Products of Proteins. III. 

By 

Shiro Mayeda 

(Received June 12, 19.33.) 

In the previous communications/ 0 the author has shown, from the results 
of feeding experiments with white rats, that the proteins in diet can be 
entirely replaced by the biuret-free acid-hydrolytic products of proteins when 
supplemented with tryptophane. 

Continuing the studies on this subject, the author has carried out further 
experiments with the mixture of purified amino acids of the following com¬ 
position: glycocoll 2%, (//-alanine 13%, /-leucine 15%, /-proline 4%, /-oxy- 
proline 4%, /-tyrosine 3%, /-phenylalanine 3%, ./-cystine 3%, d-glutamic acid 
15%, d/-aspartic acid 6%, (//-tryptophane 2%, mixture of /-histidine-, </- 
arginine- and /-lysine hydrochloride 30%. For the preparation of the diet 
used in the experiment, 15 parts of the above amino acid mixture were 
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added to 65 p. of starch, 15 p. of butter, 5p. of McCollum's salt mixture, 
besides 5 p, of alcoholic extract of yeast. When rats were fed on this diet, 
they soon lost the appetite and the body weights rapidly decreased until all 
of them succumbed within 2^3 weeks, So it is evident that the above 
amino acid mixture could not substitute the proteins in diet, thus confirming 
the observations of Abderhalden, (2) U. Suzuki, (3) Mitchell, (4) McClendon (fi) 
and Rose, (G)f7) 

When, however, the mono-amino fraction of the acid hydrolysate i.e. the 
filtrate of the phosphotungstic precipitate, was given together with tryptophane 
and diamino acids, the animals could grow normally, indicating that a certain 
indispensable factor for growth, which is just lacking in the above amino 
acid mixture is present in the mono-amino fraction. 

W. C. Rose, (7J who is working on the same line, has also come to the 
same conclusion that the substance essential for growth is contained in 
the butyl alcohol-soluble portion i.e. in the mono-amino fraction of casein 
hydrolysate. 

With the purpose of isolating this substance, the present author has now 
separated the mono-amino fraction of the acid hydrolysate of fish meat proteins 
into 4 parts i.e. (1) fraction less soluble in water, (2) mono-amino dicarboxylic 
fraction, (3) fraction soluble in alcohol, (4) mono-amino mono-carboxylic frac¬ 
tion. Each fraction was then tested for its supplementing effect by adding it, 
to the extent of 1.5%, to the basal diet containing the above amino acid 
mixture. In this way the last (4) fraction alone i. e. the mono-amino mono- 
carboxylic fraction was proved to be effective for the growth of animals, so 
it was further converted into copper salts f8) by boiling with copper carbonate 
and again separated into 3 parts by treating with water and methyl alcohol 
successively i.e. (1) the part insoluble in water, (2) insoluble in methyl alcohol, 
(3) soluble in methyl alcohol. Each fraction was then treated with hydrogen 
sulphide to remove the copper and tested on rats. The result has shown 

that the favorable growth is only induced by the addition of the 3rd fraction 
i. e. the copper salt, soluble in methyl alcohol. 

In the next experiment, the mono-amino mono-carboxylic fraction i.e, 
the 4th fraction of the above mentioned was converted into zinc salt (9) by 
boiling with zinc carbonate and separated into 3 parts i. e, (1) insoluble in 
water, (2) insoluble in ethyl alcohol and (3) soluble in ethyl alcohol. Each 
fraction was freed from zinc by treating with hydrogen sulphide and evaporated 
to dryness. Feeding experiments with these preparations have proved that 
the 3rd fraction i. e. the zinc salt, soluble in ethyl alcohol alone is effective. 

Taking these facts in consideration, the author has proceeded as follows. 
The mono-amino^ mono* carboxylic fraction obtained from the acid hydrolysate 
of fish meat protein was converted into zinc salts and, after complete drying, 
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it was pulverized and extracted several times with boiling absolute alcohol. 
The alcoholic solution was then evaporated in vacuum to dryness and ex¬ 
tracted again with cold absolute alcohol. This operation was repeated until 
there was no insoluble residue left. The zinc salt obtained by evaporating the 
alcohol was then dissolved in water, decomposed with hydrogen sulphide and 
converted into copper salt in the usual way. The copper salt thus obtained 
was now treated with cold methyl alcohol, the methyl alcoholic solution was 
evaporated, dissolved in water and treated with hydrogen sulphide to remove 
the copper, and filtered from the copper sulphide. When the filtrate thus 
obtained was evaporated at a lower temperature, a colorless crystalline 
substance separated out which was recrystallized from 8096 alcohol. 

Feeding experiments were carried out by adding these crystals to the 
basal diet containing the amino acid mixture above mentioned. When the 
rats were previously fed on the basal diet alone they rapidly lost their body 
weight, but when supplied with 0.5of the above crystals they began to 
recover in weight, though slowly. When the amount was doubled, the growth 
was more rapid, thus in one experiment the rats gained in weight from 74 
and 75 grs. up to 88 and 97 grs., resp. in 26 days. So it is clear that this 
substance played a remarkable role upon the nutrition of rats. 

This substance crystallizes in colorless needles. Heated in a capillary, 
it softens at 208-9°, and melts at about 220° with decomposition. It gives 
no biuret reaction, but gives a typical bluish violet coloration with ninhydrin. 
It is also precipitated by mercuric acetate in alkaline medium like many 
amino acids. 

The results of analysis are as follows : 


4.433 nig. Subht. 

4.157 nig. Subst. 

Found : 

Calc, for C B I I n 0 3 N: 


7.365 nig. CO* and 3.380 mg. IU) 
0.3900 cc. N (756.5 mm„ 25.5°C) 
CUN 
45.31^ 8.53?6 10.41^ 

45.11^ 8.V% 10.53^ 


(oxy-amino-valerianic acid) 


Apparently it agrees with the formula of oxy-amino-valerianic acid, but 
it is not yet sure whether this substance is really a single one, and further 
investigations are necessary to decide whether or not it is identical with 
oxyvaline, obtained by Schryver and Buston 00 from oat protein. 


The author expresses his sincere thanks to Prof. U. Suzuki for his kind 
advice and encouragement throughout the work. 

(Prof. U. Suzuki’s Laboratory, The Institute for Physical and Chemical 
Research.) 
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Untersuchungen iiber die Enzyme von Bombyx mori, L. 

III. Mitteilung. Uber die Tyrosinase und 
Katalase des Blutes der Seidenraupen. 

Von 

Kazuo Yamafuji. 

(vlus dem Biochem. Institut der Landw. Abteiluny der Kaiserl. Kyushu-Univ. zu Fukuoka , Japan.) 

(Eingegangen am 24, Juli 1933.) 

Eingehende Angaben iiber die Tyrosinase und Katalase bci Insekten sind 
sehr selten. In Fortsetzung der Untersuchungen iiber die Enzyme bei den 
Seidenraupen, (1)(2) teilt nun der Verfasser die Ergebnisse seine Forschungen 
iiber diese beiden Enzyme des Blutes derselben mit. 

1. Uber die Tyrosinase. 

(A) Einriddung der Vermclie :— Die fiir meine Versuche verwendeten 
Seidenraupen wurden im Friihling 1933 unter gleichen Bedingungen auf go 
zogen. Die quantitative Bestimmung der Tyrosinase geschah der zahlreichen, 
vergleichenden Untersuchungen wegen durch die einfache, etwas modifizierte 
BACHsche Methode. Zu diesem Zweck wurden 15 ccm 0.03 proz. 1-Tyro- 
sinldsung, 3 ccm M/3 Phosphatpufferlosung von pi I 6.64 (mit Ausnahme von 
Versuch 1.), 1.5 ccm Wasser und 0.5 ccm mit 0.85 proz. NaCl-Losung drei- 
fach verdunntes Blut vermischt und 30 Minuten lang bei 30° (mit Ausnahme 
von Versuch 2.) gehalten. Dann wurde die Reaktion durch 2 ccm 10 proz. 
Schwefelsaure sfetiert and mit 0.01 N KMn0 4 -Ld3ung bis zur Entfarbung 
titriert. 
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(B) Optimcde pH:- Versuch 1. China-7-B, 2. Tag im V. Lebensalter 
der Raupe. 


P« 

6.47 

6.64 

6.81 

7.17 

7.38 

7.73 

8.04 

0.01 N 
KMnOj. ccm 

3.8 

4.4 

i 

4.0 

3.8 

3.4 

3.2 

2.8 


(C) OptimaltempercUur Versuch 2. China-7-B, 4. Tag im V. Leben¬ 
salter der Raupe. 


Temp.® 

23 

30 

37 

- - 

45 

i 

55 

i 

65 

0.01 N 
KMn0 4 . ccm 

1.2 

! 

4.1 

5.4 

„ 

2.8 

0.6 


(D) Gescldecldmntcrsclued : - Versuch 3. China-7-D, 4. Tag im V. Le¬ 
bensalter der Raupen. 




? 

1 


$ 



Gruppe l| Gruppe 2 

Gruppe 3| 

Mittel 

Gruppe 1 

Gruppe 2 

Gruppe 3 

Mittel 

0.01 .V 

KMnO,. ccm 

2.8 j 2.8 

3.2 

Cl 

4.4 

3.8 

1 

© 

. 

4.1 


(E) Unterchicd zuischen gut gewachsenen und schlecht gewac/isenen Raupen 
Versuch 4. Japan-110-E, 4. Tag im V. Lebensalter. 

Gat gewachsene Raupen. j Sehlecht gewachsene Raupen. 



Gruppe 1 

Gruppe 2 

Gruppe 3| 

Mittel : 

Gruppe 1 

| Gruppe 2 

| Gruppe 3 

j Mittel 

0.01 N 
KMn0 4 , ccm 

3.8 

3.8 

4.4 

j 4.0 

3.8 

4.4 

3.6 

3.9 


(F) Aenderungen durch Hungcrzusfand bei dm Raupen Versuch 5. 
Europa-7-A, 4. Tag im V. Lebensalter. 


Hungerstunden j 

1 ! 

!_ 6 .i 

24 l 

50 

1.01 N KMn0 4 .ccm | 

1.2 

2.4 

1 . 1 

! 1 - 6 j 

0.8 


(G) Unterschied zwischm den vcrschiedenen Rcmm der Seidenraupen 
Versuch 6. V. Lebensalter. 0.01 N KMn0 4 ccm. 


' \ Rasse 
Tage"\ 

Japan-H0-E 

Japan-110-G 

China-7-B 

China-7-D^ 

Kuropa-7-A 

Kuropa-7-C 

2 

6.4 

6.0 

— 

3.4 

2.8 

0.8 

4 

4.0 

3.4 

6.2 

3.2 

1.2 

0.8 

7 

4.4 

4.0 

10.6 

4.8 

2.2 

2.4 
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(H) V'ercinderungen im Laufe von drei EntwicMungspcrioden von Bomhjx 
mori f L .Versuch 7. Europa-7-A. 



| Raupe 

Einspinnen des Kokons 


Puppe 


Tage 

| Reife 

2 

4 

1 

3 | 

5 

0.01 N 
KMn0 4 ccm 

1 4 ‘ 2 

0.6 

, 

0.2 

0.4 

0.6 

0.4 



Puppe 

Schmetterling 

Tage 

8 

11 

13 

i 

. 3 

0.01 N 
KMn0 4 ccm 

0.3 

0.4 

0.4 

5.6 

6.2 


II. Tiber die Katalase. 

(A) Einric/dung der Versuclie :— Als Substrat benutzte ich der gleich 
zeitig durchgefiihrten, zahlreichen Versuche und ferner der kraftigen Kata- 
lasewirkung des Bluts wegen etwas konzentrierte, namlich ca. 0.3 Proz. H 2 0 2 - 
Losung. 25 ccm H 2 0 2 -L6sung, 3 ccm M/3 Phosphatpufferlosung von pH 6.64 
(mit Ausnahme von Versuch 1.), 1.5 ccin Wasser und 0.5 ccm mit 0.85 proz. 
NaCl-Losung dreifach verdunntes Blut wurden gemischt und nach 30 Minuten 
bei 30° (mit Ausnalime von Versuch 2.) in Kolbchen mit 10 proz. Schwefel- 
saure eingelassen. Dann wurde die nicht zersetzte Menge Wasserstoffsuper- 
oxyd duch Titration mit einer 0.01 N KMnO^-Losung bestimmt. 

(B) Opfimale pH :— Versuch 1. China-7-B, 3. Tag im V. Lebensalter 
der Raupe. 


pH 

6.47 

6.64 

6.81 

7.17 

7.38 

7.73 

8.04 

Gespaltene 
HA mg 

18.70 

20.94 

20.20 

19.45 

17.95 

16.64 

14.59 

Spaltung % 

24.21 

26.81 

26.14 

25.18 

23.74 

21.30 

18.88 


(C) Opiimaltemperalur :— Versuch 2. China-7-B, 4. Tag im V. Leben¬ 
salter der Raupe. 


Temp ° 

5 

15 

23 

30 

37 

45 

Gespaltene 
H 2 O s mg 

11.05 

14.28 

15.13 

11.56 

8.84 

7.17 

Spaltung % 

14.30 

18.49 

19.59 

14.96 

11.44 

9.24 
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(D) GeschleclUsunterschied :— Versuch 3. China-7-D, 4. Tag im V, 

Lebensalter der Raupen. 



9 


6 



( Gruppe 

1 1 

Gruppe 

2 

1 Gruppe 

1 3 

| Millel j 

Gruppe 

1 1 

I Gruppe 
! 2 

Gruppe 

3 

| Mittel 

Gespaltene 
II 2 0 2 mg 

14.21 

13.09 

1 

13.46 

, 

13.59 

17.95 

I 

17.58 

18.70 

18.08 

Spaltung % 

18.40 

16.82 

17.43 

17.55 

23.74 

22.75 

24.21 

23.57 


(E) Unitrschied zwischtn gut, gewachsenen und schleclii gewachsenen Raupen :— 

Versuch 4. China-7-D, 7. Tag im V, Lebensalter. 


Gut gewachsene Raupen I Schlecht gewachsene Rauj)en 



Gruppe 

i l 

Grupj)e 

2 | 

Gruppe 

3 ! 

Mittel 

II Gruppe 

1 1 

Gruppe | 
2 

Gruppe 

3 

Mittel 

Gespaltene 
II 2 0 2 mg 

16.08 

15.71 

15.33 

15.77 

|; 13.46 

12.72 

| 12.34 

12.84 

Spaltung % 

20.82 

20.33 

19.75 

20.30 

|i 17.43 

16.46 

15.97 

16.62 


(F) Anderungen durch Hungerzustand bei den Raupen :— Versuch 5. 
Kuropa-7-C, 4. Tag im V. Lebensalter. 


Ilungerstunden 

1 

1 6 

i ! 

24 

! 50 

Gespaltene H 2 0 2 mg 

7.48 

7.85 1 

6.73 

8.23 

Spaltung % 

9.68 

10.17 j 

8.71 

10.65 


(G) Unt&'schied zwischen den verschiedenen Rassen dev Seidenraupcn :— 


Versuch 6. V. Lebensalter. 


Tage 


2 

Rasse 

Gespaltene 
H 2 O s mg 

Spaltung 

Japan-110-K 

16.08 

20.82 

Japan-HO-G 

24.31 

31.47 

China-7-B 

— 

— 

China-7rD 

19.89 

25.75 

Kuropa-7-A 

8.16 

10.56 

Europa-7-C 

6.29 

8.14 


(H) Veranderungen im Laufe von 
mori, L .:— Versuch 7. Europa-7-A. 


i 

1 


7 

Gespaltene 
H 2 0 2 mg 

1 Spaltung 

1 ^ 

Gespaltene 
H 2 0 2 mg 

Spaltung 

% 

14.96 

19.30 

15.71 

20.33 

20.19 

26,14 

19.82 

25.66 

10.71 

13.86 

15.47 

20.03 

13.47 

17.44 

14.59 

18.89 

6.68 

8.65 

7.85 

10.16 

7.48 

$.68 

10.10 

13.07 


drei Entwicklungsperioden von Bombyx 
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Raupe 

Einspinnen des Kokons 


Puppe 


Tage 

Reife 

2 

4 

1 

3 

5 

Gespaltene 
II 2 0.> mg 

11.22 

21.32 

20.94 

19.82 

40.02 

31.56 

Spaltung % 

14.52 

27.60 

27.09 

25.66 

51.81 

40.85 



i 

Pup{>e 


Schmetterling 

Tage 

8 

11 

13 

1 

3 

Gespaltene 
HA mg 

35.36 

14.11 

11.97 

18.50 

25.57 

Spaltung % 

45.77 

18.27 

15.50 

23.95 

' 33.10 


Zusammenfassung. 

(1 ) Die Tyrosinase des Bluts von Bombyx mori wirkt am besten bei 
pH 6.6. Die Optimaltcmperatur liegt bei 37°. 

(2) Die Tyrosinasewirkung des Bluts ist bei den Mannchen etwas 
starker als bei den Weibchen, aber es besteht kein Unterschied zwischen den 
gut gewachsenen und den schlecht gewachsenen Raupen. Durch Hunger 
wird die Wirkung der Tyrosinase erst etwas starker und dann allmahlich 
schwacher. 

(3) Der Tyrosinascgehalt des Bluts der japanischen und der chine- 
sischen Rassen ist recht viel hoher als derjenige der europaischen. Bei den 
reifen Larven ist die Tyrosinase sehr aktiv, aber mit dem Beginn des Spin- 
nens der Kokons tritt eine rapide Abnahme auf und wahrend der Puppen- 
perioden bleibt sie bedeutend zuriick. Dann wieder vermehrt sich die 
Tyrosinase in den Tagen des Schmetterlingslebens rasch bis zu einem 
Maximum. 

(4) Die Blutkatalase von Bombyx mori zeigt die optimale Aktivitat 
bei pH 6.6 ; ihr Temperaturoptimum liegt bei 23°. 

(5) Die Katalasewirkung des Bluts ist bei den Mannchen etwas starker 
als bei den Weibchen und auch bei gut gewachsenen Raupen etwas hflher 
als bei schlecht gewachsenen. Es wurde aber innerhalb der zwei Hunger- 
tage keine Anderung beobachtet. 

(6) Der Katalasegehalt des Bluts der japanischen und der chinesischen 
Rassen ist recht viel hOher als derjenige der europaischen. Beim Beginn des 
Kokonspinnens der reifen Larve findet eine rapide Zunahme der Katalaseakti- 
vitat statt, die ihr Maximum meist am dritten Tage der Puppenperiode er- 
reicht. Dapn sinkt die Katalase allmahlich und wird in der Periode des 
Schmetterlingslebens wieder bedeutend starker. 
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On the Two Kinds of Saponin of Soya Bean. 

By 

Koji Okano and Iwao Ohara. 

(Received Oct. 21, 1933) 

We have isolated easily and in large quantity the two kinds of saponin, 
crystal and amorphous, from the alcoholic extraction of soya bean as the by¬ 
product in the process of the alcoholic extraction method of the soya bean 
oil. U) The crystalline saponin had been investigated by Y. Sumiki 2 ' already 
and he reported that it formed squama, melting at 222-^4°, the molecular 
formula was C^ : , 2 H 70 _ 84 O 21 , by the hydrolysis sapogenin (C ;LWVl H 4 ^ iVi 0 3 ), glucose, 
rhamnose, arabinose and other unknow acidic substance were obtained, and 
its haemolytic and toxic power were very weak. E. Walz 3 ’ had reported 
that there were three kinds of saponin in soya bean, but those details re¬ 
mained unexplained. We have compared the two saponins and further in¬ 
vestigated them closely as the first step toward the utilization of alcoholic 
extract. 


Experimental. 

1 ) Isolation:— Alcoholic extract of soya bean, from which the bean 
oil was separated and alcohol was evaporated, is mixed with NaCl-solution 
and from separated precipitate the ether soluble matter is removed, then the 
residue is recrystallized from 80 o/ 0 alcohol repeatedly and crystal and amor¬ 
phous ones are separated by fractional crystallization. 

2 ) Molecular formulas and properties :— 

(A) Crystalline saponin, mel.pt. 225^227°. Its properties are identical 
with those of Sumiki and natrium-salt is hexagonal plate, decomposing at 
259°, both have not haemolytic power. 

analysis ; cal. II 8.25-8.43^, O 61.21^61.92^ 

obs. \\% 8.66 8.58 9.00 9.43, Cjtf 61.03 61.04 61.07 61.86 
mol. wt. cal. 941^969, obs. 960 964 992 

(B) Amorphous saponin, mel. pt. 216^218°. White powder is recry- 
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stallized from butyl alcohol and its natrium-salt decomposes at 260° and both 
have not haemolytic power. 

analysis; C^ 51 II 7a ^ 3 0 19l cal. II 8.20—8.37^, C 60.56-61.26?£. 

obs. H % 8.86 8.83 8.67 8.52, C% 61.24 60.75 60.41 60.70. 
mol. wt. cal. 971—999, obs. 1160 1154. 

3) The products by the hydrolysis: — 

(A) Hydrolysis. Each saponin is heated in 80 o/ 0 alcohol-5 ^sulfuric acid 
5^40 hours and after evaporation of alcohol sapogenin insoluble in water is 
filtered off and from the water solution sulfuric add is removed by neutraliza¬ 
tion with baryta and then bariumsalt of glucuronic acid is obtained by adding 
alcohol to the concentrated water solution and next from alcohofr solution the 
mixture of monosaccharides is gained as syrupy mass. 

(B) Glucuronic acid is so accertained that above obtained bariumsalt is 
estimated barium content (26.25^) and it forms the p-Br-phenyl-osazon- 
glucuronic acid-barium (mel. pt. 214°) and phenyl-osazon (mel. pt. 204°). 

(C) Galactose from the fraction of monosaccharides is established by the 
formation of music acid (mel.pt. 216°) and methyl-phenyl-hydrazon (mel. pt. 
191°). (after treating with diphenylhydrazin to remove the arabinose wich is 
derived from glucuronic acid). 

(D) Rhamnose is proved as ^-Br-phenylhydrazon (mel. pt. 213°) (after 
galactose above mentioned is removed) and phenylosazon (mel. pt. 161°). 
Above three products are identical in both crystal and amorphous saponin. 

(E) Sapogenin is obtained five isomers as the period of hydrolysis and 
studied its mutual relation. 

[ 1 ] shows the sapogenin from the crystalline saponin. 

[ 2 ] " " " " " amorphous saponin. 


(A) Sapogenins soluble in carbon 
tetrachloride and ligroin. 

(1) Yellow amorphous (hydralysis 
5 hrs.) 

Cl) mel. pt. 75-80-128° 

Cal = + 25.4° 

C2) mel. pt. 95—120° 

CflO = +48.0° 


\ 


kalifusion 


/hydrolysis in 80% > alcohol- 
.. \5%UfiO4. 10—20 hrs. 


(2) Needle crystal ( " ) 

/Cl) mel. pt. 235 °. Ca) =+ 74.0° 
( C2) mel. pt. 224-226 
V Ca)=+87.3° 


/hydrolysis 


above 

\same 


the 


i(; 


/l^alcoholic 
KOH 4 hrs. 
boiling 


(3) Needle crystal (some what short) 
(hydrolysis 15—40 hrs.) 


\ / 
\ hydrolysis 

\ ' 

\ * 

\ ' 





/Cl) mel. pt. 299° Ca) = + 8 1.7° \ 
\C2) mel. pt. 232° to) =4-107.8°/ 


(B) Sapogenins insoluble in the same 
solvent. 


(1) Needle crystal (when ever) 
(soluble in chloroform) 

/Cl) mel. pt. 260° Ca) = 0 

VC2J mel. pt. 293-294° Ca) = +9.6° 

t (1% alcoholic KOH 4 hrs, 

I \boiling 

(2) Rectangle plate crystal (hy¬ 
drolysis 40 hrs.) (insoluble in chloro¬ 
form) 

/Cl) mel. pt. 248-249° Ca)-0 
\C2) mel. pt. 313° Ca) = +115.8° 
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The products of kalifusion and hydrolysis of the (B) sapogenins are almost 
analogous to yellow amorphous and crystal of (A) sapogenins respectively, 
but those specific rotation deviates a little from these value. 

These all sapogenins are recrystallized from methylalcohol or benzol, 
and soluble in alcohol, ether, but insoluble in water. They are not lacton 
and are neutral with the exception of faintly acid of (A) which gives by 
the titration with alkali the twice of the value of molecular weight as mono¬ 
basic acid. Moreover it is interesting that if these saponins and sapogenins are 
heated with copper oxide or lead chromate by means of Dumas method, 
they liberate the considerable volume of methan or ethan gas. 

The analytical data of these sapogenins differ a little each other, there¬ 
fore they are not true isomer, but we have been able to consider the follow¬ 
ing formula. 


C ao~32 3 


cal. n% 10.53—10.83, 

?'%o 

78.95- 

79.34, 

mol. wt. 

456-484. 

obs. (A) ClJ 

10.51 

10.88 


78.71 

78.31 


469 

473 

C2] 

10.81 

10.15 

10.33 

79.51 

79.38 

79.07 

492 

465 

C3] 

11.13 

10.81 


79.95 

80.11 


460 

493 

<») Cl] 

11.16 

10.82 

10.57 

10.70 

10.72 

78.68 

79.86 

79.03 

79.64 

79.07 

474 


C2J 

10.51 

10.76 

10.28 

10.58 

78.91 

79.58 

79.20 

79.36 

442 

501 

2. Cg^ggHgo 

~:>A 








cal. n% 10.37—10.58, 


76.54—77.04, 

mol. wt. 

486—514 

obs. (A) Cl] 

10.33 

10.15 


77.21 

76.98 


512 


C2] 

11.02 

10.73 


76.83 

76.62 


472 


C3D 

10.55 

10.22 


77.20 

77.53 


461 


(B)C11 

10.97 

10.74 

10.65 

10.70 

76.66 

76.74 

76.92 

77.05 

507 


C23 

10.51 

10.28 

10.71 

76.35 

76.10 

76.49 

467 



Then these formulas are resemble to those of the acidic sapogenins res¬ 
pectively, oleanolic acid or C^TI^O;, and hederagenin Cg^^O*. And 

if we add each one molecule of glucuronic acid, galactose, and rhamnose to 
this formula, by the following equation it is equal to the formula of each 
saponin. 

[ 1 ] C 6 H l0 O 7 + C a H A+c„H,p,)- mp = 

[2] (C 3 ^ m H^ 51 0 4 + " + " + " j—3H 2 0=C ) ^ >1 H :M3 0 1!) 

(F) Acetyl derivatives of sapogenin:— 

We obtain the following acetyl derivatives from each sapogenin by ordi¬ 
nary method. 
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[1] Diacetyl sapogenin. mel.pt. 175°, Needle crystal. 

C 35 H 54 O 5 . cal. H 9.83^ C 75.81^, mol. wt. 554. 

obs. 10.14 10.24, 75.36 75.77, mol. wt. (Rast) 549. 

(titration) 226x2=452, X2.5=565, X3=678. 

[2] Triacetyl sapogenin. mel.pt. 212°, Needle crystal. 

c n l hf>7, cal. H 9.34^, C 72.84^, mol. wt. 626. 

obs. n% 9.80 10.07, C% 73.33 73.67, mol. wt. (Rast) 637. 

(titration) 193x3=579, X3.5=675, X4=772. 

It is not explained why the results of the estimation of molecular weight 
by the titration deviate from the true value and what is the form of the 
remaining oxygen which is not carbonyl, but has been able to'perform methyl- 
ation by methyl-sulfate. 

Summary. 

(1) We have studied the crystalline saponin of soya bean which Y. 

Sumiki had investigated already, and have obtained the results that its 
molecular formula is and the products of hydrolysis are sapo¬ 

genin (C l0 ^ 3 2 H^ m O 3 '), glucuronic acid, galactose, and rhamnose. 

(2) Now we have isolated at the same time an amorphous saponin, of 

which molecular formula is C^ 51 H 79 ^ 3 O iy . Its sapogenin is and 

the others are identical with the former. Both have not haemolytic power. 

(3) Each saponin is isolated five isomers according to the period of 
the hydrolysis and is required each mutual relation. And we have showed 
that the molecular formula of these neutral sapogenins are respectively resemble 
to those of the acidic sapogenins, oleanolic acid and hederagenin. 

(4 ) If these saponins and sapogenins are heated with copper oxide or 
lead chromate, they liberate the considerable volume of methan or ethan gas. 
We have isolated the two more saponins that are water-soluble and haemoly¬ 
tic (crystal melts at 270° and amorphous 243°), of which we are to report 
later. Then we think that three kinds of saponin E. Walz showed are the 
following kinds of ours. One of them (mel.pt. 225°) is the crystalline saponin, 
ones (mel. pt. 280° hexagonal) is its natrium-salt and the remains (mel. pt. 
272° haemolytic) are the saponin that is water-soluble. 
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Studies on the Germination of Seeds. Part III. 

Transformation of Carbohydrates During 
Germination of Soy-Bean Seeds. 

By 

Shfliku Sasaki. 

(From the Biochemical Laboratory, Department of Agriculture, Kyilshn Imperial University.) 
(Received Novemljer 18, 1933.) 


With regard to the carbohydrates of the matured soj-bean seeds, Prof. 
M, Yukawa n made a very valuable investigation and found the following 
substances:— 

Totjd carbohydrates (in anhydride form). 

Cane sugar.5.90 % Galactan. 

Stachyose.3.52# Fiber (crude) 

Araban.3.80# 

The present paper is to treat briefly the transformations of the foregoing 
substances, and also reducing sugar and starch, which appear in the seedlings 
of soy-beans during germination. 

Method of Analysis. 

Reducing sugar:— The samples were extracted with hot 90^6 alcohol, 
clarified with lead acetate, and estimated directly by Bertrand’s method and 
expressed as glucose. 

Cane sugar:—* The samples were treated with alcohol and lead acetate 
as in the case of reducing sugar, and inverted with dilute HC1. Then, the 
total reducing power was determined. Cane sugar was calculated by subtract¬ 
ing from this value which the reducing sugar and the stachyose theoretically 
indicate. 

Stachyose:— Stachyose was calculated from the difference between the 
weight of mucic acid obtained from all the specimens and that from the 
residues extracted with hot 90 o/ 0 alcohol. 

Starch and dextrin:— Starch and dextrin were estimated together as 
they were difficult to separate. The residues extracted with hot 90 °/o alcohol 
were digested with malt extract, and then the reducidg power corresponding 
to starch and dextrin was determined in the usual manner. 

Araban:— Araban was determined by (^shima and Kond6’s furfurol 
method C2 \ Pentosan and methyl-pentose were also estimated by the same 


21.69# 
•■4 64# 
•3.85# 
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method, but the amounts of these substances were rather insignificant and 
not worth mentioning. 

Galactan:— Galactan was estimated by the mucic acid method adapted 
by H. D. Dore (3) from the residues extracted with hot 90^ alcohol. 

Crude fiber:— Crude fiber was determined as usual. 

Results of Analysis* 

White autumn seeds (larger specimens) of the bean produced in Korea 
were used as material for the experiment. The seeds, and the seedlings 
plucked out every 2, 5, 7, and 10 days after sowing in a dark room were 
analysed. The figures shown in the following table indicate the per cent of 
the original weights of the soj-bean seeds used : — 


Seeds 


Seedling (days after sowing) 



2 

5 

7 

10 

Reducing sugar. 

•• 0.5 

2.5 

4.7 

2.7 

1.0 

Cane sugar. 

•* 5.0 

3.1 

1.9 

0.8 

0.5 

Stachyose. 

•• 3.7 

2.4 

0.8 

0.5 

0.4 

Starch and dextrin- 

•• 0.4 

2.0 

5.5 

7.3 

9.0 

Araban. 

•• 4.5 

4.9 

5.2 

5.7 

6.1 

Galactan. 

•• 4.9 

4.0 

3.5 

3.1 

2.9 

Crude fiber. 

•• 3.6 

3.8 

4.2 

4.8 

5.2 

Total. 

••22.6 

22.7 

25.8 

24.9 

i 25.1 


Summary* 

Reducing sugar, which is scarcely detected in the seeds, is increased 
the earlier stage of germination and decreased afterwards. Cane sugar and 
stachyose are decreased gradually. Starch and dextrin are markedly increased. 
Galactan is decreased; araban and crude fiber are increased. The total 
amounts of carbohydrates do not show any marked changes, during the 
development of the seedlings in the periods of the experiment. 
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Uber die Bildung des Harnstoffs aus Prolysin, Citrullin, 
verschiedenen Hydantoinen und aus Eiweisskorpern 
durch Einwirkung von Schwefelwasserstoff 
in schwach alkalischer Losung. 

Von 

Mitsunori Wada und Noboru Hayama. 

(Agrikultur Chemwchea Instiiut der Tokyo Kaiserl . Uniter 8 it at, Komaba, Tokyo.) 
(Eingegangen am 1, November 1933) 


In der vorigen Arbeit (1) hat Wada nachgewiesen, dass der Hydantoin- 
ring des Prolysins im Gegenwart von Bariumcarbonat durch Einwirkung von 
Schwefelwasserstoff in Harnstoff abgespalten wird und zwar nach folgendem 
Schema:— 

y NH-CH • Cl I 2 CH 2 CI IoCl I(NH 2 )COOI I 
CO | 

^NII-CO 

Prolysin 


CH 2 CII 2 CH 2 CHoCH(NII 2 )COOH 
COOII 

a-Monoaminopimelinsaure 

Spater wurde festgestellt, dass das Hydantoin des Prolysins, d. h. Penta- 
methylendihydantoin, Citrullin, sowie die llydantoine der gewohnlichen Amino- 
sauren wie Leucin, Phenylalanin usw. in analoger Weise unter Bildung des 
Harnstoffs gespalten werden. 

Neulich ist es den Verfassern gelungen, die Bildung des Harnstoffs 
unmittelbar aus Eiweisstoff durch P'inwirkung von Schwefelwasserstoff nach- 
zuweisen. In diesem Fall wurde aber die Reaktion in verdunnter ammonia- 
kalischer Losung vorgenommen, um den Eiweisstoff in Losung zu bringen. 

Der gebildete Harnstoff wurde als freie Substanz oder als Nitrat, Oxalat, 
und Dixanthylderivat gereinigt und identifiziert. Da die Spaltung des Ham- 
stoffs aus Prolysin oder Citrullin durch Schwefelwasserstoff fast quantitativ 
verlauft, so ist es moglich die Menge des Prolysins und Citrullins im Eiweiss- 
molekul aus dem gebildeten Harnstoff zu ermitteln, 

Experimented Teil- 

L a) 0,2 g Citrullin und 0,2 g Bariumcarbonat wurden in 20ccm Was- 
ser verteilt, 10 Minuten auf dem Wasserbad erwarmt und dann Schwefel- 

1) Fxoe, 9 (1933)# 43—46; Biochem. Zeitschr., 262 (1933) 57—67. 


/NH 2 

CO + 

\nh 2 

Ilarnstoft' 


yNll-CII • Cl I 2 CI IjCHoCl £(N H 2 )COOI l 

- > C \° I 

NIIo COOH 

a-U ramino-a'-aminopimelinsare 
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wasserstoff durchgeleitet. Die Uraminogruppe des Citrullins wird dadurch 
reduziert und spaltet Harnstoff ab. Wenn das Reaktionsgemisch mit Ather 
wiederholt extrahiert und der atherische Rxtrakt verdampft wide, so erhalt 
man den Harnstoff als Dixantliylverbindung vom Schmelzpunkt 260 bis 261°. 
Der oben erwahnte atherische Extrakt gibt die P. Ehrlichsche sowie die 
Schiffsche Reaktion sehr stark. Durch Einwirkung von Urease in wasseriger 
Losung wird Ammoniak gebildet. 

b) 2 g Leucinhydantoin wurden in 50 ccm verd. Ammoniak (0.08 n) 
gelost, 15 minuten auf dem Wasserbad erwarmt und in oben erwahnter Weisc 
behandelt. In diesem Fall entsteht nebst Harnstoff Isobutylessigsaure, welche 
in wasser scliwer losliches, blaues Kupfersalz bildet. Im Kapillarrohr erhitzt, 
zersetzt sich das Kupfersalz bei 293°. 

Analyse des Kupfersakes von IsobutylessigsHurc: 

1.962 mg Subst., 0,529 mg CuO, Cu=21,27^. 

Ber. fur (C r> H I2 0 2 ) 2 Cu, Cu=21,65^. 

Zur quantitativen Bestimmung des gebildeten Harnstoffs wurden 0,0100 g 
Leucinhydantoin in 50 ccm einer mit Magnesiumoxyd gesattigten LOsung 
gelost und Schwefelwasserstoff durchgeleitet. Man setzte nun soviel Rssig- 
saure zu bis die Losung gegen Phenolrot neutral reagierte, und nach dem 
Vertreiben des Schwefelwasserstoffs wurde die Losung mit 1 ccm lO^iger 
Urease Losung und wenig fliissigem Paraffin versetzt, und 15 Minuten auf 
dem Wasserbad bei 50° erwarmt urn den gebildeten Harnstoff in Ammoniak 
zu verwandeln. Nach dem Erkalten wurde das gebildete Ammoniak mit 
Schwefelsaure in bekannter Weise titriert. 

I^SOj verbraucht: 1,4 ccm(lccm = 0,004561 g H 2 S() 4 ) = 0,0063854g 

=39,0^ Harnstoff. 

Ber, fur leucinhydantoin =38>4^ Harnstoff. 

Man sieht, dass die Spaltung des Harnstoffs in diesem Fall fast quantitativ 
verlaufen ist. 

c) 5g Phenylalaninhydantoin wurden in 100 ccm verd. Ammoniak 
gelost und genau in analoger Weise behandelt wie Leucinhydantoin. In diesem 
Fall bildet sich an Stelle der Isobutylessigsaure Phenylpropionsaure. Dsfs 
Kupfersalz der letzteren kristallisiert glanzenden hellgriinlich blauen Nadeln. 
Es schmilzt bei 215° unter Zersetzung. 

Analyse des Kupfersatzes von Phenylpropionsaure : 

2,100 mg Subst., 0,465 mg CuO, Cu=17,69^. 

Ber. far (C^Oj^Cu C.\i=T7,57?6. 

2. Bildung des Harnstoffs aus Casein durch Einwirkung von Schwel- 
wasserstoff in ammoniakalischer Losung, 

100 g Casein wurden in 200 ccm verd. Ammoniak (0.08 n) gelost und 
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nach dem Zusatz von 800 ccm einer mit Magnesiumoxyd gesattigten Losung 
20 Minuten auf dem Wasserbad erwarmt und Schvvefelwasserstoff durchgeleitet. 
ITm den gebildeten Harnstoff von Eiweiss zu befreien, wurde die Losung mit 
Essigsaure angesauert, abfiltricrt und cingedampft. Der dadurch zuriick- 
gebliebene Ruckstand wurde mit Atlier extrahiert. Beim Verdampfen des 
Athers scliied sich der Harnstoff als farblose Nadeln aus. Der letztere ist 
in Wasser und Alkohol loslich, sclmiilzt bei 132° und gibt die P. Ehrlichsche 
sowie die Schiffsche Reaktion sehr stark. I^s wird durch Einwirkung von 
Urease in wasseriger Losung in Ammoniak gespalten. Mit Xanthydrol 
bildet er Dixanthylharnstoff vom Schmelzpunkt 260 bis 261°. Die Ausbeute 
an Harnstoff betrug 1.8 96 des Caseins. 

Analyse des Harnstoff: 

2,104 mg Subst., 0,855 ccm N 2 (758,5 mm 24°), N*=46,54^. 

Ber. fUr N 0 H 4 CO, N=46,66^. 

Analyse des Dixanthylharnstoffs : 

5,364 mg Subst., 0,303 com N 2 '757,5 mm 24°). N = 6,47^. 

Ber. I'Ur N 2 II 2 C0.2(C 1S IX,,0), N = 6,66^. 

Die Bestimmung des aus verschiedencn Eiw eisskorpern gebildeten Hanstoffs 
wurde in analoger Weise ausgefiihrt wie bci Leucinhydantoin. In diesem 
Fall wurde aber die in Losung gehaltencn Fdweisstoffe durch Fanleiten des 
Schwefelwasserstoffs tcilweise wiedcr gefallt und die Reaktion verlief nicht 
glatt, so dass ein viel niedrigercr Wert erhalten wurde als man erwartete. 
Im folgenden werden Resultate tabellarish zusammengestellt: 


gcWsl in Verbraucht 

NU/m+MgO | I I.S0 4 - Harnstoff 


(1) Kdcstin . 


•*2,0535 g ' 

50 ccm 

30 ccm 

17,9 ccm 

2,43°; 



2,0225 

// 

tt 

17,6 

2,43 

(2) ^ein . 


•1,0123 1 

30 

" 

1,9 

0,52 



0,9140 

tt 

tr 

1,6 

0,48 

(3) Ovalbumin ••• 


••2,0490 ! 

tr 

50 

1,3 

0,18 


2,0138 

tr 

tt 

1,2 

0,16 

(4) Glycinin . 


•0,7029 1 

50 

20 

1,9 

0,75 

(extrahiert mit 

0.2?£ 

NH 4 OII) ; 





(5) Oryzanin. 


■1,0246 

ft 

tt 

1,7 

0,46 

(extrahiert mit 

0.2?£ 

NH 4 OIl) 





(6) Casein. 


-2,0296 

tt 

tt 

13,6 

1,88 


2,0153 

tr 

tt 

| 13,6 * 

1,89 

(7) Casein. 

(extrahiert mit 

0.2?i5 

-2,4251 
2,4342 
NaOH) ! 

1 

" 

" 

— 

12,6 

14,0 

1,45 

1,51 

( 8 ) Gelatine . 


••3,0808 

— 

50 

21,1 

1,91 

( 9 ) Fibrin . 


-0,9176 

50 

tr 

I 6,0 

1,82 


Da Zein kein Prolysin in seinem Molekul hat, so muss der Harnstoff aus- 
schlizsslich aus Citrullin gebildet werden. 
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A Study on the Effect of Fatty Acids on Nutrition. 

II.—Experiments with Diets composed of Rice, Oil and 
Lipoid containing Linoleic or Linolenic Acid. 

By 

Ume Tange. 

(Received August 23, 1933.) 

When young rats were restricted to fat-free diets, they developed charac¬ 
teristic symptoms accompanying impairment of growth, denuded areas on 
skin and “scaly” condition of feet, and they were cured by the administra¬ 
tion of either linoleic or linolenic acid U) . This observation led the author to 
further determination as to what function oils and phospholipins containing 
these essential acids play in animal physiology. 

Recently Evans and Lepkovsky^ 2 ' indicated that the fatty acids from 
rice-starch were very potent in relieving disease in rats fed on a fat-free diet, 
while the fatty materials from potato-starch were ineffective. In our ex¬ 
periments, however, when potato-starch in the fat-free diet was replaced by 
either polished-rice powder or rice-starch, the growth of the animals was 
arrested and the fur was stained with blood, which was supposed to be bled 
around the nose and mouth. In this case, unfortunately, the sick animals 
were not cured with either linoleic or linolenic acid even though a high level 
of the yeast extract was administered, but the substitution of whole dried 
yeast resulted in a marked growth, recovering the ill conditions. This evi¬ 
dence suggested, therefore, the possibility of the presence in the yeast of 
other growth factors, not present in the yeast extract. c3X4:) 

Experimental. 

Preparation of Materials used in the Experiments . 

a) Lecithin:— Purification of lecithin from “Soyalex”.* 

Two hundred grams of “Soyalex” were extracted with ether at room 
temperatur. Into the extract two volumes of pure acetone were added, and 
allowed to stand until a precipitate had settled out. This precipitated the 
phospholipins and left most of the fat and cholesterol in solution. The clear 
solution was then decanted from the precipitate, redissolved in ether and 

* 


“Soyalex” (the crude lecithin prepared from soy-bean by the alcohol extraction method in 
the Central Institute of the South Manchurian Railway Company) was kindly furnished to 
the author by the Ohzeki Company in Tokyo, 
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reprecipitated, and this was repeated until the ethereal solution was entirely 
clear. By the addition now of three volumes of absolute alcohol to each 
volume of ether, nearly all of the cephalin was precipitated, but lecithin re¬ 
mained in solution. Into the filtrate a warm solution of CdCl 2 in 85% alcohol 
was added until no more precipitate formed. The lecithin-CdCl 2 precipitated 
out as white crystals. This was washed several times with absolute alcohol 
until the filtrate had become colourless. The lecithin-CdCJ 2 was now sus¬ 
pended in 95% alcohol and decomposed with alcoholic saturated solution of 
(NH 4 ) 2 C0 3 . The filtrate was then evaporated under reduced pressure in C0 2 
atmosphere, and the residue was treated with ether to remove the admixture 
of (NH 4 ) 3 CO a and Cd salts. By the addition of acetone into the ether extract 
the lecithin precipitated out as a pale-yellow waxy substance. This was 
washed several times with acetone and dried in vacuum. About 40 g of 
lecithin were obtained, which had an iodine value of 75 (Wijs). The analysis 
of total N (Kjeldahl): 2.00% and P (molybdate-method): 4,81%, N/P: 
1.08/1.00. 

Separation of saturated and unsaturated fatty acids in lecithin. 

Forty grams of lecithin obtained by the method mentioned above were 
heated on a water bath for 2-^3 hours with saturated Ba(OH), solution, and 
the resulted Ba soaps were now decomposed with 10% HCl. By extracting 
the hydrolyzed liquid with ether, about 20 g of fatty acids were obtained, 
which had an iodine value of 108 (Wijs). The mixed acids were converted 
into lead salts by the usual method ; the lead salts of the unsaturated fatty 
acids were removed by thorough extraction with ether. After separating the 
ether-soluble lead salts from the insoluble ones, each of them was hydrolyzed 
in ether medium with HCl. Thus, 5.0 g of saturated acids having mp 56-w 
57°C and 7.5 g of unsaturated acids having an iodine value of 130 (Wijs) 
were obtained. 

b) Preparation of vitamin B 2 :— The most potent concentrate of vitamin 
B 2 recorded in the literature seems to be that obtained by Narayanan and 
Drummond 00 by means of adsorption by fuller's earth from yeast extract of 
pH 0.1. 

Two hundred grams of the baker's yeast powder were treated in like 
manner as described in a previous paper/ 15 except with alcohol of 50% con¬ 
centration. After extracting the concentrated yeast extract with ether to 
remove fat completely, a saturated solution of Pb(C 2 H 3 0 2 ) 2 was added into it. 
The lead acetate precipitate was decomposed by suspending it in warm water 
and slowly adding 10%H 2 SO 4 with constant stirring until acid to congo-red, 
whereupon the lead sulphate was removed by filtration. In order to remove 
any trace of lead that might be present, H 2 S was passed through the filtrate 
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to saturation and the whole allowed to stand for several hours. The reaction 
of the filtrate was then rendered approximately 0.9 N with H 2 S0 4 , being al¬ 
most at pH 0.1, and treated with 3g of fuller’s earth for every 100 c.c of 
the filtrate. 

The mixture was well stirred mechanically for 1/2 hour, then filtered 
and the earth was well washed with 0.9 N H 2 S0 4 . The filtrate and washing 
were similarly treated, a second time with 1.6 g of fuller’s earth for each 
100 c.c. 

Thus, 35 g of the “activated” fuller’s earth were obtained, adsorbing 
nearly 2.5^6 of the original yeast, and 0.5 g of the earth oorresponded to 
0.0715 g of adsorbed organic matter. 

c) Neutral fatty oil from soy-bean oil:— This was made by dissolving 
soy-bean oil in a mixture of ether and alcohol (1: 1) and by treating it with 
about 5 o/o in excess of the amount of alcoholic KOII needed to neutralize 
the free acids in the oil. The mixture was occasionally shaken and allowed 
to stand for some hours at room temperature, then it was diluted with distil¬ 
led water and extracted several times with ether. The ethereal solution was 
washed with distilled water until the filtrate showed no more alkaline reac¬ 
tion. After dehydrating with anhydrous Na,SO.„ the solution was evaporat¬ 
ed as completely as possible in a high vacuum in C0 2 atmosphere. 

The neutral oil thus obtained consisted of some palmitin and stearin, 
most of the liquid fatty glycerides of soy-bean oil and also a very little 
amount of unsaponifiable substances. The saponification and iodine values 
are as follows :— 


Oil 

Acid value 

Saponif. value 

Iodine value 

Original soy-bean oil 

0.479 

193 

139 (Wijs) 

Neutral fatty oil 

— 

196 

139 (Wijs) 


d) Saponification of cod-liver oil:— Fifty grams of cod-liver oil were 
introduced under constant stirring into 125 c.c of 20% methyl alcoholic KOH 
solution and left overnight at room temperature, then the hydrolyzed product 
was added into the alcoholic solution containing the calculated amount of 
CaCl s in order to convert the K-soap into Ca-soap. Thg precipitate was 
decomposed with dilute H 2 S0 4 , and the separated faftty acids were extracted 
with ether. The subsequent procedure was the same as described in the 
part of the neutral fatty oil from soy-bean oil. Thus a pale yellowish semi¬ 
solid substance having an indine value of 129 was obtained. 
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e) Rice-bran and chrysalis oils.t 



Oil 

Saponif. value 

Iodine value 


Rice-bran oil 

185 

107 (Wijs) 


Chrysalis oil 

194 

115 (Wijs) 


Tsujimoto (6:) stated that fatty acids of rice-bran oil consisted of 20 °/o 
palmitic acid, 45^4 oleic acid and 35 o/ 0 isolinoleic acid. 

The analytical data of chrysalis oil by Kimura (7) are lifted in the fol¬ 
lowing Table: 

Table I. 


Add 

value 

Sap. 

value 

Iod. 

value 

Rhodan 

value 

Unsap. | 
matter 

* J 

1.57 

191.58 

141.8 

93.0 

0.98 | 


j Saturat. 

I acids % 


23.9 


Total fat % 


93.08 

Unsaturaled acids % 


Oleic 

acid 

22.2 


I.inoleic 

acid 

27.3 


Linolenic 

acid 

26.6 


Fccdivcj of Animals . 

Male albino rats of 40^50 g were kept two or three in a cage with 
the various diets listed in Table II. All the diets were supplemented with 
the known necessary factors as follows: Vitamin A, D and B were supplied 
by administering biosterol*, irradiated ergosterol* and alcoholic extract of 
yeast or whole dried yeast respectively. Semi-solid oils were given by dis¬ 
solving them in liquid paraffin; otherwise, the technique of feeding was the 
same as in the previous experiments.' 1 ' 


Table II. Composition (in g) of diets. 


Diet 

[ I 

1 (Fat-free diet) 

1 11 

1 m 

| ]V 

! v ; 

1 Vl 

| VII 

VIII 

IX 

Casein (fat-free) 

20 

20 

20 

18 

18 

18 

18 

20 

20 

Potato-starch (fat-free) 

76 







75 


McCollum salt mixture^ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Polished-rice powder 

Rice-starch 


76 

76 

75 

75 

i 



75 

Rice-bran 

Whole dried yeast 

Half-polished rice, retain¬ 
ing about 40^ germ. 
Unpolished rice 




3 

3 

78 

78 



lecithin 




- ; 

— 


-1 

1 

1 


f I wish to thank Mr. Y. Kawakami of the Kao-Soap Company for funishing the oils. 

* I wish to thank Dr. M. Sumi and Dr. J. Nakamiya for supplying the irradiated ergo¬ 


sterol and biosterol. 
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Results and Discussion. 

a) The growth of rats receiving the polished rice (II) or the rice-starch 
diet (III) was very much inferior to those receiving the potato-starch diet (I). 
To our surprise the growth on the two former diets was retarded from the 
beginning, and the fur and the fore paws were mostly stained with red pig¬ 
ments like blood, and the abnormal condition of fur, giving an appearance 
of cotton, was often noticed (one of examples being illustrated by Photo.). 

Following the bareness 
around the nose, the mouth and 
the eyes, there was a tendency 
to lose the hair on the whole 
body. The bald areas looked 
moist and inflamed, but showed 
no definite characteristic symp¬ 
toms developed with the fat-free 
diet, namely the scurfy condition 
of the skin, “scaliness” of the 
feet and etc. 

The sick animals on these rice diets could not be recovered in spite of 
the increased use of the yeast extract, or cured by linoleic acid* unless the 
rice in the diets was replaced by potato-starch or the yeast extract by whole 
dried yeast. This fact called our attention to the possibility of the presence 
of toxic substance or substances in rice, which may be neutralized by whole 
dried yeast, because the substitution of it for the yeast extract brought about 
a marked improvement, showing resumption of weight and soft fine hair on 
the denuded areas. 

It was an outstanding phenomenon that rats receiving the polished-rice 
diet in which 3 o/ 0 of rice-bran (IV) were added or those receiving the half- 
polished-rice diet (VI) developed the symptom resembling that on the po¬ 
lished-rice diet (II), though in the case with the half-polished-rice diet (VI) 
the rats showed very satisfactory growth (Charts 1^3). The rats receiving 
the unpolished-rice diet (VII) attained a normal growth and appearance 
(Chart 4). 

On autopsy of the rats fed with the rice diets, some lesion was often 
noticed in the liver and the kidney, sometimes exhibiting a white kidney. 

b) Linoleic acid with vitamin B 2 :— An attempt was made to deter¬ 
mine whether linoleic acid could spare vitamin B lf as a parallel experiment 
on vitamin B 2 . a;) For this purpose the “activated” fuller's earth described 
previously in this paper was used as vitamin B 2 source. 

* X desire to thank Dr, Y, Sahashi for generously supplying pure linoleic acid. 



Photo.—Showing the onset of a characteristic 
symptom of a rat which had been fed 
with the polished-rice diet (Diet II), 
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When fed with ration containing 0.5 of the “activated” fuller's earth, 
there appeared decline of weight as well as anorexia, and some died in spite 
of increase of the dose. Since the failure of growth and death were found 
due to an inadequate technique for the preparation of vitamin B,, an auto¬ 
claved yeast extract 0 *' was employed instead of the “activated” fuller's earth; 
then there was a satisfactory growth for some intervals, but gradually the 
growth was impaired without any onset of the characteristic convulsion of 
vitamin B, deficiency. In this case, the administration of 2 drops daily of 
active oryzanin* induced a remarkable growth on the rats (Chart 5 ). 

This evidence, therefore, led to conclude that linoleic acid had no “spar¬ 
ing” action on vitamin B t as in the case with B 2 . C2; 

c) Lecithin:— The rats reared on the diet containing 1 o/ 0 lecithin 
manifested an optimum growth; the fur was very fine and lustrous. In 1932, 
Trautman cl0) stated that the feeding of 2 g daily of lecithin to a guinea pig 
accelerated growth, while 4 g retarded it. In this experiment, when given 
in the level of 1.5 o/ 0 of lecithin, growth was definitely improved but a pro¬ 
portion higher than 1.5 96 was not used since the pure lecithin was insufficient 
to ascertain Trautmann's experiment (Chart 6 ). 

d) Neutral fatty oil of soy-bean oil:— Drummond and Gregory^ have 
reported that the cause of the failure of the rats on the dietaries containing 
synthetic fat was due to a toxic substance, which was probably produced 
during the prolonged heating necessary for the esterification. This sugges¬ 
tion led the author to use the natural fatty oil free from fatty acids. 

When 3 drops daily of the fatty oil were given the rats grew as healthy 
as those with 2 drops daily of linoleic acid itself. The oil had an effective¬ 
ness in alleviating the deficiency disease produced by the fat-free diet when 
the symptoms were not too advanced. It was, however, found that its curing 
power was less than that of linoleic acid itself (Charts 7 and 10 ). 

e) Fatty acids of cod-liver oil:— As growth had been unsatisfactory 
on the diet containing 0.5^ of the fatty acids, 2 drops daily of 30^ of the 
acids dissolved in liquid paraffin were given, which exerted no appreciable 
influence on growth, and the animals had very similar symptoms described 
on the fat-free diet. cl) When a larger dose was given there was a tendency 
to produce diarrhea (Chart 8 ). 

f) Chrysalis oil:— The group fed with 2 drops daily of the oil showed 
an excellent growth with a fine lustrous coating of hair. When the weight 
had exceeded 200 g the oil was replaced by 2 drops of 30 o/ 0 rice-bran oil 
dissolved in liquid paraffin, but the animals could continue growth until the 

* I am indebted to Dr. S. Odake for supplying rhe active oryzanin which cured severe 

antineuritic pigeons with 4 mg daily. 




192 


[Vol. 9 


experiment was terminated (Chart 9 A), 

g) Rice-bran oil:— The feeding was started with the diet containing 
1 % rice-bran oil, but the animals soon lost their appetite and began to decline 
the weight, and there appeared the loss of hair around the nose and eyes. 
Though administered per os 2 drops daily of 30 o/ 0 oil dissolved in liquid 
paraffin or of chrysalis oil, no appreciable influence was exhibited either on 
growth or on malnutrition. When this condition continued, the animals have 
become emaciated and been unable to be relieved even though linoleic acid 
was administered, with the exception of one rat (Chart 9 B). 



Chart 1.—Curves showing the growth of rats on Diet II before and after the 
substitution of whole dried yeast for the yeast extract, with ad¬ 
ministration of 2 drops daily of linoleic acid (a) or without the acid 
(b). The dotted line indicates the replacement of the yeast extract 
by whole dried yeast (Diet V), representing the prompt recovering 
of symptoms and resuming of weight. The small spot indicates an 
occurrence of bleeding and the small circle shows the sign ef losing 
hair on the body; x indicates death. 


Chart 2.—Curves showing the growth of rats on 
Diet IV without administration of 
linoleic acid. During the period a—a 
the yeast extract was furnished, and 
thereafter whole dried yeast re¬ 
placed it and at the same time the 
rice-bran was withdrawn. The small 
spot indicates an occurrence of bleed¬ 
ing. 
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Chart 3.—Curves A showing the growth of rats on Diet III, supplemented with 
the yeast extract, but without linoleic acid. During the period a—a 
a larger level of the yeast extract was employed, but showed no 
appreciable influence on growth. The small spot indicates an oc¬ 
currence of bleeding and the small circle shows sign of bareness on 
the body; x indicates death. 

Curves B showing the growth of rats on Diet VI without linoleic 
acid as well as the yeast extract. The small circle indicates an oc¬ 
currence of losing hair on the body. 



Chart 4.—Curves showing the growth of rats on Diet.VII, without linoleic 
acid as well as the yeast extract. 
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Chart 5.—Curves showing the growth of rats on Diet I, supplemented with 
“activated” fuller's earth or autoclaved yeast extract as vitamin B 2 
source, and the renewed growth by supplying 2 drops daily of ory- 
zanin solution as vitamin Bj. The arrow indicates adding of ory- 
zanin solution; x indicates death. 



Chart 6.—-Curves A showing the growth of rats on Diet VIII, The arrow 
indscates increase of lecithin to the level of 1.5^. 

Curves B showing the growth of rats on Diet IX f and with 
the replacement of Diet VIII there appears the renewed growth and 
recovery from symytoms. The small spot indicates an occurrence of 
bleeding; x indicates death. 
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Chart 7.—Curves showing the growth of rats 
on Diet I f administered with 3 
drops daily of neutral fatty oil of 
soy-bean oil. 



Chart 8.—Curves showing the growth of rats 
on Diet I, supplemented with 2 
drops daily of fatty acids of cod- 
liver oil; s indicates “scaly” feet 
condition. 



. Chart 9.—Curves A showing the growth of rats on Diet I, administered with 
2 drops daily of chrysalis oil. The broken line indicates the sub¬ 
stitution of rice-bran oil for chrysalis oil. 

Curves B showing the growth of rats Diet I, supplemented daily 
with 2 drops of rice-bran oil. During the period a—a the oil was 
replaced by chrysalis oil. The dotted line, shows the renewed 
growth and recovery from symptoms with administration daily of 2 
drops of linoleic acid. The small circle indicates an occurrence of 
losing hair on the body; x indicates death, 
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Chart 10.—Curves showing the growth of rats on Diet I, and renewed growth 
and slow recovery from the deficiency disease by treatment with 3 
drops daily of fatty oil of soy-bean oil; s indicates * “scaly” feet 
condition; x indicates death. 


Summary. 

(1) Growth and the general condition of animals are not attained by 
the diets containing 76-^78*4 of polished-rice powder, rice-starch, or half- 
polished rice as carbohydrates, except unpolished-rice diet, though an adequate 
amount of alcoholic yeast extract is provided. When, however, the yeast 
extract is replaced by whole dried yeast there appears a prompt recovery of 
the abnormal condition. The most characteristic phenomena are the occur¬ 
rence of bareness on the body and of bleeding around the nose, the mouth, 
and the fore paws. 

(2) Lecithin and soy-bean oil possess an almost equal nutritive value 
in animal physiology to linoleic acid. 

(3) Chrysalis oil induces an excellent growth in rats, owing to its 
content of unsaturated fatty acids, namely linoleic and linolenic acids. 

(4) The abnormal condition in nutrition of the rats fed on the rice- 
bran oil is not improved by administration of either chrysalis oil or linoleic 
acid. The cause of malnutrition and of the failure of growth with the former 
oil is not yet clear. 

(6) The results of experiments with fatty acids prepared from cod-lfaer 
oil show that they cannot maintain the growth of animals and that the large 
dose causes a disturbance of the gastro-intestine. 

(6) Linoleic acid is unable to “spare” either vitamin B t or B 2 . 

The author wishes to express her deep gratitude to Professor U. Suzuki 
for his many helpful suggestions throughout this work. She is indebted to 
the Keimei Society for financial assistance and is also grateful to Miss K. 
Miti for-her willing help in feeding of the animals and preparing of the diets. 
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